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‘The Following Devices Have Been Approved to BS CECC European Standards 
Siliconix incorporated reserves the right to make 
changes inthe eireuitry of speeliatons in hi 


Type Number BS CECC Specification nee Coca 
2N3970/1/2 BS CECC 50 012.00) (ISSUE 1, JUNE 1978) ! Ibatssais'Lnpsrporsied ioeloedt! al esaareetNG) 
2N4091/2/3 BS CECC 50 012.002 (ISSUE 1, JUNE 1978) 
2N4301/2/3 BS CECC 50 012.004 (ISSUE 1, APRIL 1978) 
2N4856/7/8 BS CECC 50 012.005 (ISSUE 1, JUNE 1978) 
2N4859/60/61 BS CECC 50 012.005 (ISSUE 1, JUNE 1978) 

2N4856A/7A/8A BS CECC 50 012.006 (ISSUE 1, JUNE 1978) 
2N4859A/60A/61A, BS CECC 50 012.006 (ISSUE 1, JUNE 1978) 


For Details on Other Products Submitted for Approval, Contact Your Nearest Siliconix Sales Office or 


Franchised Distributor. 
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how to use the 
FET Cross Reference and Index 


The following 


amples illustrate how the FET Cross Reference and Index should be used: 
Cave (1) Recommended replacement offered by Siliconix is identical to Industry Part Number, 
Industry Part Number 
2N3458, 


Recommended Replacement 
2N3458 


(2) Recommended replacement offered by Siliconix is not identical to Industry Part Number, 

Industry Part Number Type and Classification Recommended Replacement. 
2N3487 NuFET 2N4338 

The recommended replacement may be exect,tiliter or looser on electrical characteristics, andl may 


be a different package or pin-out, Data sheets for both parts should, if possible, be reviewed for a 
‘complete comparison. Refer to appropriate page number listed under Data Sheet or Geometry 


column, 
‘Type and classification abbreviations are described as follows 
GR (Current Limiter) PAD (Plastic Peo Ampere Diode) 
D (Dual) N (N-Channel) 
DPAD (Dual Pico Ampere Diode) P (P-Channel) 
ENH (Enhancement:Mode Normally-Off) PAD (Pico Ampere Diode) 
G (Gate) ‘MOS (Vertical MOSFET) 
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Product information 

Slconix products are vied into three basi eatgores: 
Stunde, Mode Standard roduc, Cvom Product 

= Standard Products All par ur debe nhs catalog ae cr produc A wma ft of te 


process option flow chart 


1 Examples of Modified Standard Product are: 


the stan Tevet Teves LEVELS =i! 
ie ies erates erect a Ae) ase | 
Seep eee ale 


Electrics! Speciale ‘Devies with ether tightened, relaxed and/or special letial specifications selected from 
standard product 


‘Mechanical Specials Davies with stndsed or mealfed electrical spcifiations mounted in non standard pack 
‘age oF modified lead formed) standard packager, Modifiations and/or additions to stand: 
8rd marking ae als conddered mechanical pecs, 


| High Reliability Sociale Siliconix hata number of standard High-Reliabilitysereening options that ean be ordered 


ts standard products, These options include MIL-780B. High Rel process option details will 
tbe found inthe introductory section of this data book. In ation, Siliconix offers certain, 
JEDEC ragitred FETs with JAN, JANTX, of JANTRV processing. Refer to any current 
Siliconix OEM price lit for details on specie pat numbers. It existing sreening procestes 
do not meet individual customer requirement, Silicone can provide special adeitional in 
Sections and controls to meet the stringent demands. 

In all of the above cases (with the exception of JAN, JANTX, or JANTXV parts), a special part number is assigned 

Which defines the part elther by reference to customers pritls) or by auociated special requirements. Each special 

oduct i proprietary tothe customer and ie not made avaliable to other customers, 


‘© canton Products ‘Ave designed to meet cusiomer requirements not realizable by selection from standard 
pars; ually, these products require special engineering development. The proprietary re 
Intonship described above aio applies to custom products 
: Inquiries for SPECIAL DEVICES may be directed tothe nearest field sales oie orto: 
FET Marketing Department, Siliconix incorporated, 201 Laurawood Road, Senta Clare, California 95056, 
| Telephone: (408) 966-8000. 
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selector guides 


S : index 2 


tips on selecting the right FET for your application 


short form version of technics! data, wl provide you diveet 
reference to Siliconix part number and s condensed version of technica specification 


IF YOU ARE NOT FAMILIAR WITH THE FET PARAMETERS YOU NEED: 


1, Turn to page 2:2 “How to Choose the Correct FET for Your Application.”* Using this guide, deter- 
mine the important FET parameters. 


2. Next, turn to page 2.4 “JFET Geometry Selector Guide." Using 
geometry. 


uide, choose the appropriate 


3. Once you have chosen a geometry, turn to the "Geometry Characteristics” section 5 of the catalog. 
Here you make the choice of a suitable part number. 


4, Now that you have the part number, you will find complete electrical specifications of these 
products In the “Data Sheets” sections 3 and 4 of the catalog. 


IF YOU ARE FAMILIAR WITH THE PARAMETERS YOU NEED: 


|. Turn to the “Product Specifications” pages 26 through 2-16 to determine the proper part 
number(s). 


2: Double-check your choices against the data sheets, and select the part most suited for your appli- 
cation. 
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Siliconix | 
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USEFUL JFET PARAMETER RELATIONSHIPS (APPROX.) 
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JFET geometry selector guide (cont'd) 
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JFET geometry selector guide (contd) 


p-hannel JFET 
. ' 
te i 
i. ie rie 
: 
i peti 
i 
i i 
ma OEM 


. 


A 


26 


xqUOoIIS 


Siliconix 


Low RF 
DeWieE | LEAKAGE ow Noise AMP 
‘oromeray zee zee zeee 
teins) |ZEEEEE/ SEES EsssseeeeeessSeeveeee| SSS zz! 
( reveerrteierereerrereren aig terceg 
nesisvance 
(on eee. Se 


(rao, 


ear) 


QERQgSeRgeeggsegsessesgag 


N&P-Channel Single JFETs 
ETH] 
g 


SATURATION 


tna 


Tema 


THRESHOLD 
Wena 


Leakace, 
wa Maoed 


Product Specifications cont'd) 


Siliconix 


RF AMPLIFIERS 


RESISTANCE 


NoIse VOLTAGE, 
(aA ne 
thread, awe 


Sneirance 
§ i 
& | Gonotcrance 
& | Setimnen 

> 

? 

a 

3 

+ 

3 sarunarion 
5 | sonnet 
e é 
s 2 
z 


xqUOsNS 


SWITCHES & CHOPPERS 


e 
rd 
° 
rey 


sone 
ected 
ras 


Fl (Ree 


i 


eomeray 
{Seeton 8) 
RESISTANCE 
Wwiiuatte [OE Erne 
(ieee. Ma) 
‘connenr 
toa 
BREAKDOWN 
Wena! 
Leakace 
taste) 


umber! 


rans. 


PART NUMBER 


i 
: 
} 
! 


‘2{6us jouuDy>-d’2N 


Bi 


Siliconix 


aeilger bore 


SWITCHES & CHOPPERS. 


Regaseasgee 


boosne 
ssssne 
vevsne 
evan 
stisne 


visaon| 
is00ne 


ne 
aie 


Bliss ileg 


ES tesa) ee 


8 


Max) 
‘BREAKDOWN 
VourAce 


(nV AX or 


Product Specifications (cont'd) 


28 


GENERAL PURPOSE 


Dare Siena eopo 


5 


{Seeton 8) 


avAime maxtor | 
threo, ie) 


RESISTANCE 
Noise VOLTAGE: 


(nama) 


Product Specifications (cont'd) 


Siliconix 


GENERAL PURPOSE 


SWITCHES & 
CHOPPERS 
eeaaagenaneeseses 


RESISTANCE 


corre Coco 
PUT 


Iwasa 


Product Specifications (cont'd) 


- | aw | a | so 
ows | oe | fe | 0 
toe | ome | oo | ot 
S| cet | | so 
= | a | ok | se 
= | ee | a | os 
= | om | ot | oy 
= | om | os | so 
wos: | coo | os | oo 
= | com | & | 
= | om | ay | fo 
= | om | ot | fo 
ooo | oom | on | oe 
tooo | ome | on | oe 
coo | ao | se | So 
cos | ome | ot | ge 
com | om | se | $0 
g 3 222 
& ae $33 
Fit Bi, PF 
+ H 
#83 acs 
sugar oj6uys jouupy>-deN 
wos | on | so] 0 | o 
too | oo | ex | vo | os 
cose | con | oe | or | os 
coor | ome | Se | Se | 
coon | cose | ou | Se | 
tose | oo for | fo | os 
coo | om | or | ao | o 
cost | ose | os | os | oe 
cose: | cose | oe | on | or 
coset | oor | oc | oe | oF 
cose | ow | oo | to | 
cose | ow | se | so | oO 
ow | om | | oe | o 
cox | oo | oo | or | or 
tor | come | | os | we 
wor} oom | os | ce | ce 
toe | cor | oe | or | te 
| om | ce wo | oe 
=] oo for |" | oe 
= | cme fou | oe | oe 
=| ior fst | ee | ot 
= 7 = [oe |e 
Fe z od or oF 
7 = | o | | 
. : = | om | oe 
E a re 
: > | & Jot | & 
= = ce os oc 
i 
F) 3 Su5 
z ge 383 
SF Fe Pita 
PY $2. (| B82 
88 aos 
Slaaf 18uis jouuy>-G°gN 


USMS 


an 


© 1879 Scorn meoportes 


240 


Siliconix 


GENERAL PURPOSE, 


won 
Bu 


213 


RF AMPLIFIER 


i 
ge 


agalecenaeeeerssassassssssasasaasssaees 


vevice | 5 


Product Specifications (cont'd) 


Fn a 


(hres. MAX 
SATURATION 


Invi MR or 


NOISE VOLTAGE 


Siaaf IAG |euUDYD-N 


LOW NOISE 


LOW LEAKAGE 


22 


beviee 


truilme wader 1222 R 
(her. aase) 


z 
H 


PACKAGE (TO- 


Product Specifications (cont'd) 


$13af 1G [oUUOYD-N 


Product Specifications (cont'd) 
Current Regulator Diodes 
Wey | oom | EE, woot Conscance ran | racuam | Foran inter | regneniee [ ormene | cso | oy 
[a senior | 0% | Si cvs | vty | Weta) | Se net 

2 Da + [| 2 7 o \ 
2 Boa 2 | & | i iS os on Too 100 2 = wee 
2 bas s | s | i is °8 ) oat 100 ‘00 0 5 mee 
2 baa we fas | 1 20 oa 100 too 30 = wee 
2 ot a | 3 : is 3e 830 100 00 be = net 
2 Dost z | | = is 20 om 100 too Ss 3 net 
orapico | oa wo | a = is 20 { ois 108 too a = nee 
oa tos ‘oo 33 z tee 
vans | rosaro108 | singe » | x - 1s 20 oa 0 10 22 e Rt 
Geaoico | Foserrosos | Site | 3 - 23 ose v0 10 Z nee 
‘eaozoo | Tosaroes | Sage wo | x = 3 30 oer 130 100 13s p et 
‘waosoo | Tesaroce | Sage to | 3 = 8 20 ose ii too ced = ae 
os 0 400 iss : wet 
aot ® sae 1 | | 1s os oa is too to0 = frat 
aoa H Sane 2 | & | i 6 os oat vs 0 os 7 eat 
Pas % See 5 | | i is os 109 135 100 oa 2 ne 
Proto i Sane wo | x ° 6 20 io 140 too 870 . ee 
ra020 8 Sage x | 3 z is 20 10 us te cae = Net 
a) Seve % | 3s is 20 130 150 too ose : et 
aoe ® Sagi wo | as E 15 22 H 140 188 409 om 7 net 
to 180 1% ost = eat 
i to 13 too oan = ko 
Voltage Controlled Resistors bg in od me = = 
lth, | more | rete, | Nae” ian (Chane! eomary ! 20 ie io a fo mo 
ee a 300 bas 109 030, = Neo 
veran |W 7 15 35 70 Fa @ we 350 235, too O28 2 Ko 
vere | 2 8 3 38 nm | 20 | ve aco 350 409 02s = wee 
vena | ® 5 35 ia mo | ne io in 0 oe 2 neo 
verse | oP 2 6 38 38 xo | om | re \ ery 2s 400 ous | = nko 
verm | 2 5 35 Ee oe wr te | te ao 100 sas | = neo 
) ox | 2 i so So 2 not 
! on | 130 Py 3a 2 net 
oa | 180 fo 3 3 new 
| s | os | 2 130 Py i 2 net 

2 075 2 +90 50 vo 2 net EE 

rox] ressos | Onesie | Tynan a | to | 200 Py os 2 net 
nen | FE | One® | "ea i a | iw | % 20 Py os 2 net 
vets s | io | % 30 Py 035, 2 net 
aa [nem] 0 2 | 20 | 340 fo as 3 net 
pee a = | i0 | % 30 Py 030, 2 net 
A ee a | 30 | x 390 fo oz0 3 net 
= a | ie | & te Py O18 2 net 

i 

{ 

26 j 216 


MOS Power FETs 


Derailed Technical Specifications for the VMOS Power FETs listed above are not included in thie date book. 
‘Please contact your nearest Siliconix Sales Office for a VMOS Design Catalog, 
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Die Process Information c: 3 
Siliconix 


icon ta large volume supplier of le to the hybrid industry. Goth military and indus grades are avaiable, Sereen- 
ing includes 100% OC elecvieal probe snd 100% visual inspection of ech de, 


Physi! Data 


' Pyscal layout and dimensions are presented inthe ie topography section 
‘Exch dies pasvated with approximately 8,000 angstroms of non <rytlline gas. 
1 Allie are gold backed, Gold backing is approximately 1,500 angstroms thick, 

© Die metalization is depoited aluminum approximately 12,000 angstroms thick. 


ie Screening Criteria 
Electrical Probe — Die are 100% probed in water form at 25% to DC criteria, 
‘Visual Criteria ~ Die ae supplied with 100% view sort tothe eriteria of MIL Std-750 method 2072. 


Packaging 
Die are supplied in dust prof, antistatic waffle packs (se ilurtration) 
Assembly 
© Chips supplied in wattle packs normally donot require cleaning, Wafers should be cleaned ater swing or ering, 
and fracturing, 


‘Chips should be handled witha vacuum pickup with protected tip or with tweezers gripping the chip on ite sides, 
‘© When handling MOSFET chips, particularly non gate protected types, stop mut be taken to prevent damage by 
stati discharge. In sme extreme cases, handling precautions may be necessary for junction FET chip 
© Chips can be de atached either eutetically or by conductive epoxy when lower temperatures ae necessary. Gold 
silicon eutectic occurs at temperatures between 385°C and 425°C. 
‘© Bonding of wires fom chip pads to ports can be achieved by thermocomprestion gold wire or ultratonie aluminum 
wire bonded, 
Options 
‘¢ SEM ~ Seanning electron microscope examination and contrl in accordance with MILSte-883 Method 2018 can be 
‘ordered on chips and waters. 


‘© Wafer qualification to unprobed parameters ~ sample testing of purchased chips to demonstrate cap 
‘orm at datasheet temperature extremes by use of LTPO techniques can be provied, 


‘© Hot probe Siliconix ha a chip processr/dsributor with hot probe capability availble, 
Chip Packaging 


(Chips are packaged as individual die inthe flat waffle case illustrate in Figure 1. The earir hata cavity site sdequate 
‘wallow eas of loding/unioading and also prevents from rotating within the envy 


(hip and Wafer Processing pesmi 
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Siliconix 


In order to realize the full capability of these devies in cir 
‘cuits that are sensitive to very low currents, considesble 
‘ae should be exercised in PC board layout and construc: 
‘ion ttchniques. If proper care isnot taken, board leakage 
‘currents can easily become much larger than the leakape cr. 
‘ents ofthe devices themselves, especially under conditions 
‘of high temperature and humidity. Excessive leskagecurents 
‘eanbe produced by poor quality boards, socket leakage, poor 
board layout, imperfect cleaned boards, or improperly 
applied or cured protective coatings. 


eis important to start with quality PC boards which have 
high eesitivty and tow suscepanee to moisture, Boards of 


‘cause they will absorb moisture, and if used must be pro- 
‘ected with conformal coating 


“The use of sockets shoul be avoided wherever possible since 
the pin-to-pin isolation is often not great enough to prevent 
‘umall leakage currents from occurring, These currents ean 
signticnty degrade device performance in low leakage 
applications. If sockets cannot be avoided ute the highest 
‘uality salable, preferably telon, 


In laying out PC boards, eare should be taken to keep pins 
and runs which ae sensitive to very low current away from 
Bing and runs which wil beat significantly higher or lower 
voltages, The most common eakape current problems occur 
between pins sensitive to low current levels and nearby pins 
at or near one of the supply voltages. Thus, ifthe isolation 
between crtieal pins and nearby high or low voltage pins it 
inreasd, leakage is minimized. 


By 


ion for low leakage 
. Siliconix 


pc board layout and constructi 
applications 


In order to reduce leakage currents, itis very important that 
All PC boards and experimental bresdboards be thoroughly 
‘leaned with 2 solvent after construction. A recommended 

re isto wath each board in an ultrasonic cleaning 
Bath alcoha,ichlorethvlene, or some other commercial 
tolvent, and to biow dry with compresed air, The purpose 
‘ofthis toremoveallskin oils (te greatest cause of leakage 
in impropety cleaned boss) slde fluxes, and other films 
and residues leftover from the construction process which 
‘ean cause gross leakage problems and erratic device behavior, 
specially a temperatures above 85°C. 


For best results, the thoroughly cleaned boards should be 
protected agains dirt, conductive fils, and humidity by 
the aplication of a conformal coating. Urethane and Dow 
CCorning’s R-4-3117 Silicone are easy to se and offer suf 
lent protection under most operating conditions. Epoxy 
results in a more durable coating but care must be taken to 
Jnre that itis cured properly:an impropery cured layer of 
epoxy will make the high temperature iakage problem 
worse. Union Carbide’s Parylene also results in 9 rlatiely 
durable coating. 


“The ultimate leakage protection method consists of printed 
reuitmetalization guard rings driven from alow impedance 
buffer amplifier whote output is at the same potential a the 
in being protected, This completely eliminates board #ur- 
face leakage at eritial pins by removing any difference in 
potential, bu iti difficult to implemant due tothe extra 
buffer amplifier required and the tight PC board mtaliza: 
tion spacings encountered. 


p-channel JFETs 
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™ General Purpose Amp BENEFITS 


‘© JAN Approved Version Available 
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ABSOLUTE MAXIMUM RATINGS (25°C) 
Gate Orsi and Gate Source Voltage (Note 2) a0v . 
Gate Current, Forward Based (Note Wnvvs.sc../80MA 
Tota Device Dissipation (Derate 2 mW") «300 mit ! 
Storage Temperature Range» “ab to200"e : 44 
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
Characteristic = _— Unie conditions 
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2N2843 2N2844 


p-channel JFETs 
designed for... 


= Small-Signal Amplifiers 


“ABSOLUTE MAXIMUM RATINGS (25°C) 
Gate-Drain and Gate Source Voltage (Note 3)........ 30V 


Gate Current, Forward Biased (Note 1) ........... 50 mA 
Total Device Dissipation (Derate 2mWW/*C) ....... 300 mW 
‘Storage Temperature Range “5 to #200°C 


Performance Curves PC PD 
See Section 5 


BENEFITS 


© Low Supply Voltage Operation 
Vestoft) Typically 1.2 V 


“ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


ET ETT 
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“JEDEC Regatered Dats 
ores: 

1 Not JEDEC Regier 

2. Igsg ia JEDEC Regiteed at Vgs=5V. 


2. Due to symmeviea geometry, hee untemay be operat with our and dai led ntechanged 
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p-channel JFETs sittin 
designed for... 


Performance Curves PC 


© Small-Signal Amplifiers BENEFITS 
: © Ease of Amplifier Design 
© Analog Multipliers ipss & Gf, Closely Specified 
® Modulators 
*ABSOLUTE MAXIMUM RATINGS (25°C) ‘eis 
Gu Din and GateSouee Voip oe 1... 20 
Gate Current « Toma 
Total Device Dissipation at (or below 
25°C Free-Aie Temperature (Note 2).......... 300 mW ° 
storage Temperature Range “etovoore 
Lead Temperature ! 
(1/16" from case for 10 seconds). . 230°C is o s 


“ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
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n-channel JFETs S 
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See Section 5 


 Small-Signal Low Power 
Applications 


“ABSOLUTE MAXIMUM RATINGS (25°C) 
Gate-Drain or Gate-Source Voltage (Note 1). . . .-40V 


Gate Current atk 10mA 
‘Total Device Dissipation at (or below) 25°C 

Free-Air Temperature (Note 2) = + 300m 
‘Storage Temperature Range ~65 t0 175°C 
Maximum Operating Temperature... . . 180°C Le 


“ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
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Section 5 


= Analog Switches Benerits 
= Choppers # Low insertion Loss 
a Conrecictes Moston) 160° (203206) 
= Amp! 
swe Secon? 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain Voltage (Note 1) 
GateSource Voltage (Note 1). 
Gate Current 
‘Storage Temperature Range. 
Total Dissipation at 25°C Ta 


2.30 
TI 30v 

Dieses 50a, 

1165 to #200°¢ fy ot 

Deeeees 300 mW at 


“ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
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2N3436 2N3437 2N3438 


Total Device Dissipation at (or below) 25°C. 
Free-Air Temperature (Note 2) 


n-channel JFETs 
+ Perfo ce NP 
designed for... Seo'Section 5 
@ Small-Signal Amplifiers BENEFITS 
a Suihaee * dp om i Sri 
Te cay 
“ABSOLUTE MAXIMUM RATINGS (25°C) 
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Storage Temperature Range. tently 
*ELECTRICAL CHARACTERISTICS (25°C unles otherwise noted) 
Character: ze moe es “Test Conditions 
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n-channel JFETs 


= Small-Signal Low Noise 


“ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage (Note 1) = -50V 
Gate Current ....... 210m, 
‘Total Device Dissipation at (or below) 25°C 

Free-Air Temperature (Note 2) = 300 mW 
Storage Temperature Range. .... 15 to +200°C 


“ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


designed for... Sec Section ses NP 


BENEFITS 


‘© Operates from High Supply 
Voltages 
BVGgs > 50 V 
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n-channel JFET 
designed for... 


= VHF Amplifiers 


2N3823 


@ Mixers 


BENEFITS 


© Low Noise 
NF <2.5 dB @ 100 MHz 


* ABSOLUTE MAXIMUM RATINGS (25°C) book goa 
Gate-Drain or Gate-Source Voltage (Note 1) «s+. -30V 
Gate Cute nso scan aaaeeeeeeses TOMA 
Total Device Dissipation at (or below) 25° 
Free-Alr Temperature (Note 2) seuss 900.mW ‘ 
Storage Temperature Range...++s.s+.+.+  -65104200"C fy 
Lead Temperature (1/16" From Case for 10.See) -» 300°C : ft 
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
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n-channel JFET 
designed for... 


™ High Speed Commutators 
™ Choppers 


“ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage (Note 1) 50 
Gate Current 2. eee ee ee ey TOMA 
‘Total Device Dissipation at (or below) 25°C 

Free-Air Temperature (Note 2) 300 mw 
Storage Temperature Range 65 t0 420°C 
Lead Temperature 

(1/16" from caso for 10 seconds) 300°C 


“ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


VEBENT 


Siliconix 
Performance Curves NRL 
See Section 5 
BENEFITS 


© Low Insertion Loss 
ds(on) <250 2 

‘© High Oft-tsolation 
Ip(ott) <0.1 nA, 
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p-channel JFET 
designed for... 


™ General Purpose Amplifiers 


2N3909 


“ABSOLUTE MAXIMUM RATINGS (25°C) 


monolithic dual 
n-channel JFETs 
designed for... 


§ Differential Ampl 


Siliconix 


Performance Curves NNR 
See Section 5 


BENEFITS 
‘© Minimum System Error and Calibra- 
tion 
'5 mV Offset Maximum (2N3921) 
‘© Simplifies Amplifier Design 
‘Low Output Conductance 


see ection 
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Total Device Dissipation at (or below) : 
‘25°C Free-Air Temperature (Note 2) ........ 300mW. 4 Gate-Drain or Gate-Source Voltage . . » 50V 
Storage Temperature Range. 1168 to ¥200"e {yy the 
Lead Temperature 1/16” From Case For 10Sec .... 300°C cf ‘ 00 
Storage Temperature Range -65 to +200°C 
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
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2N3954 2N3954A 2N3955 2N3955A 


iconix 


matched dual 
n-channel JFETs 
designed for... 


@ Low and Medium Frequency 


Differential Amplifiers 


@ High Input 
Impedance Amplifiers 


= 
Siliconix 

Performance Curves NFA 

See Section 5 

BENEFITS. 


1 High Accuracy & Stability 
Offset Lest Than 5 mV (2N3954, 54A) 
Drife Less Than § nV/°C (2N3954A) 
ide Dynamic Range 
1g Specified © Vpg=20V 
‘© Low Capacitance 
Gigs <4 9F 


matched dual 


designed for... 
Differential Amplifiers 


“ABSOLUTE MAXIMUM RATINGS (25°C) 
Any Lead-To-Case Voltage... +.ses+0s+ 


n-channel JFETs 


@ Low and Medium Frequency 


BENEFITS 
‘© Wide Dynamic Range 

Ig Specified @ Vpg = 20 V 
© Low Capacitance 

igs <4 BF 


& High Input Impedance Amplifiers 
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n-channel JFET 
designed for . . . 


™ Analog Switches 


@ Choppers 
= Commutators 
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‘ABSOLUTE MAXIMUM RATINGS (25°C) 


BENEFITS 
© Low Insertion Loss, No Offset 
Voltage 
Ros(on) < 220 
‘© Short Switching Aperture Times 
Crag < 1.5 pF 
Yon) * tfoff) <0 ns Typical 


ro 
Gate-Drain or Gate Source Voltage seeeeese 280V 1 Section? 
Gate Current...s.eeeceesee ITI 10ma, 
Total Device Dissipation 
(25°C Free-Air Temperature) +5800 mW 
Power Derating.......+++++ S17 MWe. 
Storage Temperature Range - “55 t0-4200°C - 
Operating Temperature Range. 65 10 +175°C 
Lead Temperature a fy d 
1/16" from case for 10 seconds) 300°C * iene 
“ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
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n-channel JFETs 
designed for... 


© Analog Switches 


“ABSOLUTE MAXIMUM RATINGS (25°C) 


Reverse Gate-Drain or Gate-Source Voltage . 
Gate Current. 


“Total Device Disipation at 26°C Case Temperature 


(NOt 1) essseessesesesessesessesserseeses LBW 
Storage Temperature Range - 11.68 to #200°C 
Lead Temperature 

1/16" from case for 60 seconds)... ....+.++.+++-800°C 


BENEFITS 


© Low insertion Loss 
RSton) <30 9 (2N3870) 

*# Good Off Isolation 
'D(otn < 260 pA 


“ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
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2N3970 2N3971 2N3972 


ix 


‘APPLICATIONS 


‘Amplifir Design Chart 
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n-channel JFETs 


designed for... 


® Analog Switches 

& Commutators 

™ Choppers 

@ Integrator Reset Switch 


“ABSOLUTE MAXIMUM RATINGS (25°C) 


Reverse Gate-Drain or Gate Source Voltage. 
Gate Current ...... 


‘Storage Temperature Range. 
Lead Temperature 
(1/16" from case for 60 seconds 


Siliconix 
Performance Curves NC 
See Section 5 
BENEFITS 


© Low Insertion Loss 
High Accuracy in Test Systems 
Row <30'2 (2N4091) 
© High Oftsolation 
'Diott) <200 pA 
High Speed 
‘rise < 10 ns (204001) 
‘Short Sample and Hold Aperture Time 
Css <8 BF 
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iconix 


n-channel JFETs 


= 
i NT 
designed for... itsexare 
© Ultra-High Input waite 
Impedance Suneuere * Lantos cat 
Leet + i 


Smoke Detectors 


“ABSOLUTE MAXIMUM RATINGS (25°C) see ection? 


Gate-Drain or Gate-Source Voltage (Note 1) ..- 
Gate-Current .. 
‘Total Device Dissipation 
(Derate 2 mW/°C to 175°C) . iad 
68 to +175 


ture | fy t 
(1/16" from case for 10 seconds). .....2.++4+++ 255°C * 


“ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
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Siliconix 
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2N4220 2N4220A 2N4221 2N4221A 2N4222 2N4222A 


Siliconix 


n-channel JFETs 
designed for... 


ABSOLUTE MAXIMUM RATINGS (25°C) 


ror 
Drain oF Gate-Source Voltage (Note 1) -30V ee 
Vea tepmentpadteases saeco 100A. 
Seesees 15 mA 
300 mW 


“65 to +200°C 


300°¢ 1 


“ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Storage Temperature Range.......0s.0+5 
Lead Temperature 
(1/16" from case for 10 seconds). 


By 


Performance Curves NRL 


See Section 5 
@ Small-Signal Amplifiers BENEFITS 
= VHF Amplifiers 3 Lk Resor Note Faure 
® Oscillators 
@ Mixers 


Ea EE ET 
eoctin aurea |main| 2nezzr 


Og err Ed a ET 
3] § [Wess — Gowtorertomaronvorne —] 0] | 0] [3 

Ca] & Presa ane Sure Gt Vo =z aj 
st] ves cm sove ve aba 
| or or [or || re 
5 Tauren Bam a al ala] els] 6 


‘Transconductance (Nowe 3) 900 jase | snp jenen | seen [ene 

Heese 7a ed 
10) 4 | Ca Gocwe 6| 6 6 
rah “Common Source Reverie Troruter Ls Ld xs 
fn} few ees Ta(aiaia 
8 SS a =e SSE 
2 Sansem fe [rime | cm 
‘mined ae 
i scacinsicy na alc inbaneice raterus 
Sas ioe eee tees 
Pe eedilne nrereh at oe RI 


322 


n-channel JFETs ented 
designed for... Sec'Secton sve NRE 


VETYNT ETTYNT 


= VHF Amplifiers BENEFITS 
© Low Noise 
@ Mixers NF = 3.dB Typical @ 200 MHz 
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5 Performance Curves NC +H ce Curves NH = 
designed for... See'Soction S designed for... Bortormance FS 
BevrTTS 2 
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™ Analog Switches Test Systems ron < 30 8 (2N4391) rial 4 beech Fs 
© No Offset or Error Voltages Generated q ixers NF =3dB ‘at 400 MHz 
= Commutators oy Sosel Such ¢Widebed = 
ony Rese 
[ -J = Ch High Isolation Resistance from High gfs/Cigs Ratio > 
= one 
@ Integrator Reset Switch iy crane ipa ewe 
ue 
“ABSOLUTE MAXIMUM RATINGS (25°C) * came tow “ABSOLUTE MAXIMUM RATINGS (25°C) a2, 
Reverse Gate-Drain or Gate-Source Voltage (tee Seotton 7 sin or Gate-Source Voltage, 2N4416...... 
Gate Current. or Gate-Source Voltage, 2N4416A, 
fa Devs Disiguan a 20° Ga Tanpioie omit 
Dee OU ee AW pear Fie) 
‘Storage Temperature Range bee ee ees + 765 to +200°C yo ‘Storage Temperature Range seceveae 
Uatiepeture ran eo 1] 
TAB hem etree svesseesevedO" iE The es fo 00 conde. ve a 
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
SE hei “ELECTRICAL CHARACTERISTICS (25°C unless otherwize noted) 
bce ned Win [ax | Win [Man | in oe | See “Characteristic ‘Min | Max | Unie “Test Conditions 
1988 Go Rear Covent ee or Lee og 20, von -0 | alae 
ee ee ee yee =o Soper] Mevewoney fae 
SE ep =e hema ' , = = 
ae EC eee ee 
= = een eat 
aes of pesraceee tie ee — eee a 
ore 3) sof eee Stee] 
Toss __pgiyon Own coent o | | 0 | =| ma] vosea0v, 7 |8I cme canon Sove Rew ante Gneine afr] “ 
2 + he semesters ala ele 
Grain Sourer ON Voltage " or v | Ves*0 hd “Common Soures Ovibut Capacitance rv Res 
— of | atthe — a ea 
= Spat ee ae pe 
o[eeoenntee recor rr rm cg RA } Te tem tooe en Oe 700 00 | ane 
H eer ro To 33 6 te sane Bu ___Comnen Sours Input Sept 00. 70.000 | sabe 
cm Scans = ED Yos-0 } con Sarena Oe ee ‘flake 
Aco 2 a | we ae SEs 
se terre Ss alee =a 
Stew Rts | oo es 
i i Go connonsourePomrGan | 10 nm @e_| vos=ieviig-ena 
Tis pense us ade curen ‘eatin ra 
1. Pte wt uration» 3004 4 


326 327 


n-channel JFETs 
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Siliconix 
Performance Curves NC 
designed for... See Section 8 
= Analog Switches BENEFITS 
Genoa © Law Iron oan Hh Asc 
DS(on) <25 & (2N4856, 59) 
= Choppers + High OF lion 
. Ip(oft) <250 pA 
Integrator Reset Switch Pp bs 
ONO ns 
*ABSOLUTE MAXIMUM RATINGS (25°C) a harris ee 
Reverse Gate-Drain or Gate-Source Voltage, ‘Avaliable 
2Nae56 68 ie ra 
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n-channel JFETs 
designed for... 


™ Analog Switches 

= Commutators 

™ Choppers 

§ Integrator Reset Switch 


‘ABSOLUTE MAXIMUM RATINGS (25°C) 
Reverse Gate-Drain or Gate-Source Voltage, 


2NABEGASBA.. 6... sess esessesese -40V 
Reverse Gate-Drain or Gate Source Voltage, 

QN4BEOAGIA.....sccseeeeeses + =30V 
Gate Current. . 50 mA, 
Total Device Diss 

(Derate 10 mW/*C) seceees 18W 
Storage Temperature Range “65 to #200°C 
Lead Temperature 

1/16" from case for 10 seconds) «300°C 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


See Section 5 


BENEFITS 
‘© Low Insertion Loss and High Accuracy 
in Test Systems 
tpS(on) < 25 2 (2N4B56A, 59A) 
‘© High Off-lsolation 
(oft) < 250 pA 
‘© Short Sample and Hold Aperture Time 
Cras <4 DE 
‘© High Speed 
ton <8ns 
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‘Amplifiers 


(Derate 1.7 mW/°C).... 02006 
Storage Temperature Range... 
Lead Temperature 


n-channel JFETs 
designed for... 


™ Audio and Sub-Audio 


‘*ABSOLUTE MAXIMUM RATINGS (25°C) 
Gote-Drain or Gate-Source Voltage (Note 1) 


(1/16" from case for 60 seconds) ..... 


‘ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Performance Curves NS 
See Section 5 


BENEFITS 


Ultra Low Noise 
“Gq = 8 nVA/ He Typical at 10 He 
p= 2nVA/He Typical at 1 kHz 
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p-channel JFETs 


& Commutators 
@ Choppers 


*ABSOLUTE MAXIMUM RATINGS (25°C) 
Reverse Gate-Drain or Gate-Source Voltage 


(COR reer 20V 
Gote Current... ee SOMA 
‘Total Device Dissipation, Free-Air 

(Derate 3mW/"C) ow ee ee ee +  600mW 
Storage Temperature Range... . . . -65t04+200°C 
‘Lead Temperature 

(1/16" from case for 60 seconds)... . . 900°C 


“ELECTRICAL CHARACTERISTICS (25°C unless otherwiso noted) 


ince Curves PS 


designed for... See Soction 5 


® Analog Switches BENEFITS 
© Low Insertion Loss 
Rpston) < 75:2 (2N5018) 
‘© No Offset or Error Voltages Generated 
by Closed Switch 
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‘Sore Sins corer 


6LOSNZ SLOSNZ 


ix 


2N5045 2N5046 2N5047 


monolithic dual eal 
n-channel JFETs ie 
designed for... 


Performance Curves NNR 
See Section 5 


BENEFITS 
inimum System Error and Calibra: 
tion 

'5 mV Offset Maximum (25045) 
© Low Drift 

'5 mV Drift Maximum (2N5045) 


‘ABSOLUTE MAXIMUM RATINGS (25°C) ny pm 
Gate-Drain or GateSource Voltage ss... seeecsse <B0V & , 
Forward Gate Current vs .e.eussccsseccrsessy SOMA 
ota Dissipation (25°C Free Air Temp.) - 400 mi sae 
cevevereees 267 mW? 
TL 265 to 420°C 
(1/16" from case for 10 seconds) ......s.e.+++ 300% 7 af 


Power Derating (to 175°C) 


Lead Temperature 


“ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
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p-channel JFETs 
designed for... 


™ Analog Switches 


Performance Curves PS 
See Section 5 


BENEFITS 

‘# sSimplifiee Serr Shunt Switching when 
Combined with 2N4393, its N-Channel 
Compleme 

‘© Low Insertion Loss in Switching 
Systems Ron < 7522 (2N5114) 

«# Short Sample and Hold Aperture Time 

Grsg <7 PF 
© High Off-lsolation Ip(oft) < 500 PA 


® Commutators 


™@ Choppers 
& Integrator Reset Switch 


“ABSOLUTE MAXIMUM RATINGS (25°C) 


Reverse Gate-Drain or GateSource Voltage etait 
(NOM cee eee ee ee OV 
Gate Curent Lame “80 mA 
otal Device Dissipation, Fee-Air 
(Derate BWP). ee as « BOOMW 
Storage Temperature Range... ss» -65t0#200°C 
Lead Temperature / 
(1/16" from case for 10seconds) . . . . . «300°C at 
“ELECTRICAL CHARACTERISTICS (25°C uniess otherwise noted) 
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2N5196 2N5197 2N5198 2N5199 


designed for... 
§ Differential Amplifiers 
1 FET Input Op Amps 


“ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage 
Gate Current Peariess 


Side 


Total Device Dissipation, Ta = 65°C 
(Derate 4.3 mW/*C).. se eesees 
Storage Temperature Range... .. 


monolithic dual 
n-channel JFETs 


sees, 600 mW 
“65 to +200°C 


BENEFITS 
‘© Minimum System Error and Calibration 
‘5 mV Maximum Offset (2N5196, 97) 
© Low Drift 
5 AV/°C Maximum (2N5196) 
‘© Simplifies Amplifier Design 
Low Output Conductance 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwite noted) 
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(01979 Eicon incorporates 


n-channel JFETs 
designed for... 


@ Low ON Resistance 
Analog Switches 


= Commutators 

@ Choppers 

& Integrator Reset Capacitors 
@ Low Noise Audio Amplifiers 


“ABSOLUTE MAXIMUM RATINGS (25°C) 
Reverse Gate-Drain or Gate Source Voltage 


Gate Current. 


(Note 1)... ees ee eee e, 300 mW 
‘Temperature Range . . “65 10 +150°C 

Lead Temperature 
{(1/16" from case for 10 seconds) .. 300° 


Siliconix 
Performance Curves NIP 

See Section 5 

BENEFITS 


© Low insertion Loss 
Roston) <5 (2N5432) 

‘© Small Error in Measurement Systems 
Vps(on) < 50 mV (2N5432) 

© High Off isolation 
Tp(ott) < 200 pA 

‘© High Speed 
talon) <4 ns 

‘© Low Noise Audio-Frequency Ampli- 

fication 

(en <2 AVA/HE at 1 kHz Typical 


“ELECTRICAL CHARACTERISTICS (26°C unless otherwise noted) 
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2N5452 2N5453 2N5454 


matched dual 
n-channel JFETs 
designed for... 


™ Low and Medium Frequency 
Differential Amplifiers 


“ABSOLUTE MAXIMUM RATINGS (25°C) 
‘Any Lead-To-Case Voltage . 
Gate-Drain or Gate-Source Voltage ..- 
Gate-To-Gate Voltage 
Gate Current ..... 
Total Device 
Case Temper 
Power Derating 


(Each Sido) 
(Both Sides) 
Temperature Range . 


Stor 


[Lead Temperature (1/16" from case for 10 seconds)... 300°C 


* ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Performance Curves NFA 
See Section 5 


BENEFITS 
‘© Minimum System Error and Calibra 
tion 
5 mV Offset Maximum (2N5452) 
‘© Simplifies Amplifier Desi 
‘Output Conductance 
Tumho 
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matched dual 
n-channel JFETs 
designed for... 


= Differential Amplifiers 


“ABSOLUTE MAXIMUM RATINGS (25°C) 


Lead Temperature 
(1/16" from case for 30 seconds) ........ 


Gate-0: <1 40. 
Gate Curren {'50.ma, 
Dissipation (Each Side), Ta = 85°C ad 
(Derate 2.0 mW/°C)... se eeees 280 mW 
Total Device Dissipation, Ta = ‘e6'¢ 
(Derate 3.0 mw/*c).. cas 975. mW 
Storage Temperature Rang “65 to +150°C 


300°C 


“ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Siliconix 
Performance Curves NS 
See Section 5 


BENEFITS 
© Ultra-Low Noise 
“Gn = 8 nVA/He at 10 He (Typical) 
Bp = 2 AVA/HE at 1 kHz (Typical) 
‘© Minimum System Error and Calibration 
5 mV Offset Maximum, 
MRR > 100 dB. 
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3/monolithic dual 
uo 10 == 
a|n-channel JFETs Berformance Curves NNP 
See Section 5 
¢|designed for . BeNerIrs 
2 © Hig tp impedance 
, 
a = General Purpose | ‘© Minimum System Error and Calibra- 
ifferential Amplifiers be 
3 '5 mV Offset Maximum (2N5545) 
“ABSOLUTE MAXIMUM RATINGS (25°C) yo7 ? 
2 Gate Drain or GateSoure Voge 50 sate 
& | care corent.. : 30mA 
Total Device Dissipation, Ta = 25°C a 
(De 2.67 mw/°C) eee e400 mW 
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
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n-channel JFETs 
designed for... 


™ General Purpose Amplifiers 


* ABSOLUTE MAXIMUM RATINGS (at 25°C) 


ran or Cate Gouree Volos (Now 1) -30V 
Gate Current « Z 10mA 
Total Device Di 
(25°C Free Air Temperature)... = 300 mw 
Power Derating (to +175°C) «....... 20mwrc 
‘Storage Temperature Range. S11 -65 t0 420°C 
ting Temperature Range 1-65 to +175°C 
sad Temperature 
(1/16" from case for 10 seconds) .........s.+5 240°C 


“ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


5:4 
Siliconix 
Performance Curves NRL 
See Section 5 


BENEFITS 
© Low Noise 
‘© Low Output Conductance 
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Silic 


2N5564 2N5565 2N5566 


by 


Siliconix 


matched dual 
n-channel JFETs 
designed for... 


Performance Curves NC 


See Section 5 
| Wideband Differential BENEFITS 
Amplifiers © High Gain 


"7500 imho Minimum ats 


= Commutators ‘© Specified Matching Characteristics 


‘ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Gate Voltage ...+++.+0ss06 +80V nip pe Snseeven?” 
{Gate Drain oF Gate Source Vatage ~40V 
Gate Current «sess. Tievecgeenseoeene OMA. 3m a 
Device Dissipation (Each Side), Ta = 25°C 90 Ow 
viveeeees 925 mW 
: + 650 mW 7 
5 to +200" es 
an o 
for 10 seconds). 300° sorta ven vam 
“ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
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matched dual 
n-channel JFETs 
designed for... 


§ Differential Ampli 
@ High Input 
Impedance Amplifiers 
* ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-to-Gate Voltage «+ .-.+ 
Gate-Drain or Gate-Source Volt 


fiers 


80a 
- -40V 


Current... eeeeeee sige ‘10mA 
Device Dissipation (Each Side), Ta = 25°C 

(Derate 3 mw/*c) veveseeeses 967 mW. 

++ 600 mW 

Storage Temperature Range... to +180°C 


By 


Siliconix 
Performance Curves NT 
See Section 5 
BENEFITS 


‘© Matching Characteristics Specified 
‘© High Input Impedance 
TG = 1 pA Max (2N5906-9) 


“ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
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2N5902 2N5903 2N5904 2N5905 
2N5906 2N5907 2N5908 2N5909 


‘APPLICATIONS 


Use ower ott fr minima 


Jo [f}nee 


2.42 


matched dual 
n-channel JFETs 
designed for... 


& Wideband Differential 
Amplifiers 


“ABSOLUTE MAXIMUM RATINGS (25°C) 
Gate-to-Gate Voltage ........ 


"ELECTRICAL CHARACTERISTICS (25° unless othe 


80V 


Gate-Drain or Gate Source Voltage -25V 
Gate Current He feces 8OmA 
Device Dissipation (Each Side), (Derate 3 mW/*C).. 367 mW 
‘Total Device Dissipation, (Derate 4 mW/*C)....... 500. mW 
Storage Temperature Range... 1-65 t0-4180°C 
Lead Temperature 

(1/16" from case for 10 seconds) ...... + 300°C 


Performance Curves NZF 
See Section 5 
BENEFITS. 
‘© High Gain through 100 MHz 
8fs > 5000 umho 
'* Matching Characteristics Specified 


se ection? 


y 
z 
a 
= 
= 
x 
z 
a 
k 
n 


‘ees | Ge Rewn 
CC 
Wanany—enrsore tata 
va — teas eae 
‘a nr m3 
7] [toss eacome Orie Gore 7 10 | ma | vog~10v.vos-0v 
7 a Ti 
a Se oe Pe T= 
ofte Soaneniore Osa anon oa roa 
oe Se ca st 
Se ——“Serece rosea TI: vuesivstea etae 
ex “Sore at a = 
Ooo Ent Bt rot et eV = LE =m 
tena ‘Te a 
cones I a = 
a] [wareat orem one Gore 2 Er A RATE EE 
71 eh Eemesnorm Comes [Toos] vi Tam | Tron T ares errnee 
7 [RE Baars 
2) 4 [ivasi-wasal _Oveentn Gn Sure Volume 7 [av 
15] avetives »|_[« 
Pt ir acca st Ta 17 | yea v.08 
n Toweanuna tune wow2| ow] 1 [ow | + | tame 


43 


3 
3 
g 
3 


enhancement-type 
p-channel MOSFETs 


Perfor Curves MRA 
designed for... Bee Soaton 5 
@ Ultra-High Input Impedance BENEFITS 
Amplifiers ‘© Rugged MOS Gate Minimizes Handling 
? Problems 
Electrometers £150 V Transient Capability 
tectors © Low Gite Leak 
Smoke Det Oe eat 
pH Meters {High OfF station as «Switch 
§ Digital Switching Interfaces "oss <200pA 
® Analog Switching 
* ABSOLUTE MAXIMUM RATINGS (25°C) 
Drain-Source or Gate-Source Voltage 3N163 i, 


Drain-Source or Gate-Source Voltage 3N164 
Transient Gate-Source Voltage (Note 1). 

Drain Current : 

Storage Temperature 


Operating Junction Temperature... . “85 10 #160"C 
Total Device Dissipation I 
(Derate 3,0 mW/"C tO 160°C) .....eesesee6 975 mW « aa 
Lead Temperature 1/16” From Case For 10 Seconds . .265°C #78 


"ELECTRICAL CHARACTERISTICS (25°C and Vig = 0 unless otherwise noted) 
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current regulator diodes 


designed for... 


™ Current Regulation 

§ Current Limiting 

ising 

™ Low Voltage References 


ABSOLUTE MAXIMUM RATINGS (25°C) 
Peak Operating Voltage... 

Forward Current... 

Reverse Current 
‘Thermal Resistance Oe 
Power Dissipation at T¢ = 
Operating Junction Temperatur 
Storage Temperature 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


2 
5 

100" 
of 


100 


0 mA 
0m 
rc 
25 W 


186 to +150" 
“65 10 +200°C 


Performance Curves 
NKL NKM NKO See Section 5 


BENEFITS 
‘© Simple Two Lead Current Source 
© Current Insensitive to Temperature 
Changes 
smperature Coefficient Better 
‘Than 1800 ppm/°C On All Devices 
‘© T0-18 Package for Improved Current 
Controt 
‘© Simplifies Floating Current Sources 
'No Power Supplies Required 
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CRO22 through CR470 


EQUIVALENT CIRCUIT 


‘APPLICATIONS 
‘The current-tiiter doe 


Constant. Current 
Timing Ciruits 


Collector oF Oran 
Wiz Loud Resistors 


‘SYMBOLS AND DEFINITIONS 
A Anode (Drain) 

© cathode (Source and 6 
|e Forward Curent (Anode Positive) 

ey Current ata specified Test Voltage, VE 
POV. Peak Operating Voltane 

4) Current Temperature Coeficient 

4c Thermal Resistance Junetion to Case 
24n Thermal Resistance Junction to Ambient 


2K Koee AC Impadance st specified Ve. Zk should 
be as high a posible and Is specified as» min 


Shorted) 


24 Dynamic Impedance a spect Ve. 2g is spec 
fied asa minimum, 


Constant. Current Supply 
‘oF Current-Limiting Element 
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Es 


Loge Cireue Pulp 
(Curren Soures 
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enhancement-type 


p-channel MOSFET 
designed for... 


= High-Input 
Impedance Amplifiers 


Smoke Detectors 
Electrometers 
PH Meters 


ABSOLUTE MAXIMUM RATINGS (25°C) 


o 
ay 
evs34w 


Performance Curves MRA 
See Section 5 


BENEFITS 
‘© High Input impedance 

ggg * 30 Femto Amp Typical 
© High Gain 

fs 1000 umho Minimum 


DrainSource Voltage «... +++ 128V 
Gate Source Voltage... css. HoVv sect? 
Drain Curcent VII soma, 
Total Device Dissipation at (Or Below) Ta = 25°C 
(Derate 3 mW/°C to +150°C) 6 375 mW 
Operating Junetion Temperature 1555 to +150°C qa 
Storage Temperature 85 t0 +200°C 
Lead Temperature ol ame 
{1/16" from cate for 10 seconds) ... 268°C . ot 
ELECTRICAL CHARACTERISTICS (25°C) 
‘Charette Cr es 
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DPAD1 DPAD2 DPAD5 DPAD10 


DPAD20 DPAD50 DPAD100 


dual pico ampere diodes 
designed for... 


& Clipping Circuits 
& Diode Switching 
= High Impedance Protec 


BENEFITS. 
© Very High Off.1solation 

T’pA Max (OPAD1) 
‘© High Isolation Between Diodes 

20 Femto Amp Typical (0PAD1) 
‘© Matched Capacitances 
‘© Compact Packaging 


i ron rom 
Circuits (rim zante Remove) (OPAD1 On) 
Section? 
ABSOLUTE MAXIMUM RATINGS (25°C) 
Forward Gate Current, Each Side 50mA 
Total Device Dissipation @ TA = 25°C 
Derate 4.0 mW/°C to 126°C. aoomw =e LA ORY 
ro Range. “gstosic a 
Lead Témperature i r 
(V/16" from cate for 10 seconds) «2.242545 -800°C “Gy 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
CHARACTER tu] ve [ax] nr ‘CONDITION 
= [orcs | 
gin Rese cian To] 94 [vq -20¥ PADI 
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7a] ficn=cna! Otten apcione ar | oa o ‘PADI 25, 10,206,100, 


‘APPLICATION. 


COpwationst Amite Protection. Input Votap ita to 08 V 
coette PADS Dy ond Dy Common mae ingu sane imiteby OPADS Ob >— 


“Typical suote nd old eit wit ipa. OPAD sides reduce ote votes 
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low-leakage 
pico-amp 
designed for. . 
© Clipping Circuits 
lode Switching 


igh Impedance 
Protection Circuits 


ABSOLUTE MAXIMUM RATINGS (25°C) 
Forward Current... ..++ 
Total Device Dissipation .. 
‘Storage Temperature Range 
Lead Temperature 

(1/16" from case for 10 seconds) 


ELECTRICAL CHARACTERISTICS (25°C 


iodes 


BENEFITS 
© Very High Off-Isolation 
pA Max (PAD1) 
fe tron? 
50 mA 
tase 300 mW 
-B5C to +126°C t sot 
score Pui geeoronnonas 


unless otherwise noted) 


APPLICATION 
‘Operations! Armpit 


Tanta by PADS D3 nd 04 vo 215 W- 


hare tun [ve | ote | vie Tot Condon, 
2 er ET 
ey * 
In Reve Core 10] oA | vas-20v FADIO 
20 a 
“0. 0 
joo PAbI00 
Vm Beskdowe Vote Reve) = neta PAD 28 
cil 3 v A010 206 100 
/e_Fovward Vag rap te Teoma "ADI, 2.510, 20,56, 100 
z ne Sv. 18 Te F010; 20,60, 108 


‘Type sample and eld eet with ip. PAD dlodes educe 
lta voltages fed email tom the FET atch 
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n-channel JFETs 
designed for . 


® Analog Switches 
= Commutators 
@ Choppers 


ABSOLUTE MAXIMUM RATINGS (26°C) 


Siliconix 
Performance Curves NC 

See Section 5 

BENEFITS 


© Low Insertion Loss 
Rps(on) <50 2 (U202) 
© Good Off isolation 
Iploft) < 194 


= 200 ae, uy eye 3% 


Gate-Drain or GateSource Voltage ... -30V 
Gate Current . 50 mA 
Total Device Dissipation at 25°C Case Temperature 

(Derate 10 mW/°C) . peoenie ABW, 
Storage Temperature Range... “65 to #200°C 

Lead Temperature mA 

(1/16" from case for 10 seconds), + 300°C eek 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

‘ommnanine ee Ten Gonaon 

LT [css ne mewn cone + — ft ves 20v.vos-@ Lage 
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monolithic dual 
n-channel JFETs 
designed for... 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage . 
Gate Current. 
Total De 


Dissipation at 25°C 
te 1.7 mW/*C to 200°C) 


= 


© Differential Amplifiers BENEFITS 
# Good Matching Charactarite 
Lh, 


1 Pu st reid ae» 203, uy ee 3K 


Storage Temperature Range “esiovzog"e tm 
Lead Temperature okey edo 
(1/16" from case for 10 seconds) 300°C * dt o 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
7 a co Tartan 
FT Ticss caren coe ce ne ee 
3] 8 “00. na_| 08 os" 0 ire 
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sel ieee va sep ae 
[1c caw Opening curet a Y00 20%: 10-2004At 
aa Tr 
TTT a a CTT 
Commando ant Yemeni tw) |b Be von=20v.vos-0 | PT 
a 700 fog VN = 100 wie 
2 os Conan Sone PoeordTanconutner Nowe) | — 660 | 1000] wnvo [vga = 701g “2005 
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U257 


matched dual 
n-channel JFET 
designed for . 


@ Wideband Differential 
Amplifiers 


Performance Curves NZF 
See Section 5 


BENEFITS 

‘© High Gain through 100 MHz 
9," 5000 umho Minimum 

‘© Matching Characteristics Specified 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate Drain oF Gate Source Voltage i “25 
Gate CUTER... eeseeeeeveeses crouse 50:mA 
Device Disipation (Each ide), Ta = BBC 

(Derate 3.85 mw/*C)... veeeesesses 250.mW 
Total Device Disipation, Tp = 85°C 

(Dorate 7.7 mW/°C).. «> : «500 mi 
Storage Temperature Ronge. 168 to +180°C 
Lead Temperature 

(1/16" from case for 10 seconds)... -B00"¢ 


ELECTRICAL CHARACTERISTICS (25° unless otherwise noted) 


Ye ]iss overeat oA vege _ 
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afm SomsterOrn Goren tave tm inanr | om | ¥ Voss ov.vaa-® 
16] 9] Wosr-tosa!__Ostterentiat Output Conductance 20 | mre 
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n-channel JFETs idx 
designed for... Performance Curves NVA 


See Section 5 
™ Analog Switches 
= Commutators 


BENEFITS 


© Utta-Low Insertion Loss 
Rston) < 25 8 (U290) 


© High Ofttso 
@ Choppers Math civA 
ABSOLUTE MAXIMUM RATINGS (25°C) 

ros 
Reverse Gate. -20V seston? 


‘or Gate-Source Voltage 


400 ma 


‘ vat 215A 
issipation at 25°C 
Free-Air Temperature (Note 1) eee 800 mi 
Storage Temperature Range. “65 to +180°C 
Lead Temperature A 
(1/16" from case for 10 seconds). . 300°C a4 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


16ZN 06z7/N 
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‘oss gomgemorewrn | awe = mms [ vos" 10V.vo5-0 
a aa wf [2 | > | | ves-oviio- wma 
To] [aus oonsmraovnnnom —[ va | a6 |? | 7 | a [vesro.i-0 Tw 
Li] 8 cto Ga OFF Conse 2% 7 Yio 119-9 
2] [coco rowan OFF Cer 2 307] oF [Woo=teviig=o | ts ame 
2 [esaeon 1 1 Voe= Vos +0 
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p-channel JFETs stro: n-channel JFETs 


3 ¢ 
p-<t ° | 
Performance Curves PS 
3 lesigned for... Berformance, designed for... Performance curves NZA | ¢- 
S |m Analog Switches seneriTs | VHF Amplifiers BENEFITS 8 
© Law non Low ° indy Sadar 
= Commutators Moston) < 85 2 (U304) ‘© High Power Gain § 
0 ip Moub'a Weite,conmoncae | & 
™ Choppers Totet) 300 pA 1148 at 450 Me, Common: ° 
« Low Noe 
' 2.7 dB Noise Figure at 450 MHz 
« Wie Oyun Ronn 
Grate te 
. vom «+ 151 np Meh Common Gate 
ABSOLUTE MAXIMUM RATINGS (25°C) ‘S00 Section 7 ABSOLUTE MAXIMUM RATINGS (25°C) 
Reva Gat Dn or Gnu Vtg HY Bid Seca aeese ea 
Tea Deva Biipnon Frew . 
a Deve Diino vce diiee . Set Poe isin ot T= 3586 
‘Storage Temperature Range.............. -65to +160°C Power Derating to 150°C ........ 
Sroae Feros ! Soap Tempers Rage 202 
(1/16" from case for 60 seconds) . 300°C . oe . Lead Temperature 


(1/16" from case for 10 seconds) .......s.005 = 300°C 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Charwetarinte cu Yert Condi 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) CLI LALILACICo read 
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iconix 


‘APPLICATIONS. 


200-250 MH Wideband Amplifer (1 48 Ripple) 
3-Stage Amplifier Circuit 


450 MHz Common Gate Amplifier 


*Reterece Scans Aptestion Note ANT. 


2 Tone intercept & Compression 
Point 


Note Figure vs. Power Gain 


‘Comparison of Mixer 1M 
ch: 


n-channel JFET ae 
designed for... Performance Curves NZA 


See Section 5 
© VHF Amplifiers 


len 


BENEFITS 
‘© High Power Gain 


1 Oscillators {6 dB Typ @ 105 MHz, Common- 
Gate 
$1148 Typ @ 450 MHz, Common- 
& Mixers Gate 
© Low Noise Fig 
1.8.48 Typ @ 105 MHz 
27 48 Typ © 450 Miz 
Wide Dynamic RangoGreator tha 
100 48 
ABSOLUTE MAXIMUM RATINGS (25°C) To 
telSeton? 
Gate Drain or Gate Source Voltge «sss ese+ee+ -28V 
Gato Current...» TIE oma 
Tota! Device Dispation (Derate 1.7 mWi/"G)«.-'900 mW 
Storage Temper eve tecesesse =68 to 4200°C 


(1/16" from case for 10 seconds)... 


fee Se 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Coen ee [wm [ome Teton 
A] [lesen tec re re 
It aves eet van ER 
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U312 


n-channel JFET 
designed for... 


Performance Curves NZF 


See Section 5 
| VHF/UHF Common-Gate BeNeFITs 
High Power Gai 
Amplifiers vo a Typ 9 460 MM, 
i Common Gate, 
= Mixers © Low Noise 


NF = 3.5 dB Typical at 450 MHz 


ABSOLUTE MAXIMUM RATINGS (25°C) 


rain of Gate-Source Voltage vee 25V ros 
Gote-Drai ge ners TO, 
Free-Alr Temperature... c++ 600 mW 
Power Derating 2 4.0 mW/°C 
‘Operating Temperature Range . 


1165 to +180°C ° 
| 565 t0-+180°C 
sees 3008C a fh 


oo am [a | oo 

| os “arom we 

3] [aves envenomation = v 

11 esi) — ene nt Veto ze 

3° Poss: “Saturation Drain Current (Note 1) 70 | 90] mA | Voss 10V.Vas=0 

ae SD I 

2 on onmon re Ova ondeune 200 | ve 

* [e__ onen Ces. 12] oF | Voge t0v.I0*10ma | tat ME 
oo al oF 

wore wae 
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n-channel JFETs 
designed for... 


™ VHF Buffer Amplifiers 
@ IF Amplifiers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


5:3 


Siliconix 
Performance Curves NIP 
See Section 5 
BENEFITS 
© High Gain 


‘fs = 120,000 umho Typical 
‘© Wide Dynamic Range 
© Low Intermodulation Distortion 


ros» 


1 out a 


Gate-Drain or GateSource Voltage... 25 
Gate Current. -oeeseese ae 22 t00ma, 
Total Device Dissipation (26°C Case Temperature)... ..3W 
Power Derating (to 180°C) ..... sees 24 MWC 
Storage Temperature Range |. “85 10 150°C 
Operating Temperature Range. 85 10 +150°C 
Lead Temperature ff 
(1/16" from case for 10 seconds) ........ +++. + .300°C ‘ > 
ELECTRICAL CHARACTERISTICS (25°C unless otherwive noted) 
one a 
10S Gate Revere Curent (Note 1) e) 2 2h A | vag 8, vo5+0¥ 
25 cos ET rw "os" OV Fore 
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cs m7 m7 2 [Wos==10v.19 =o) 
bale a rm 7 Wop =10¥.15=0 
cao 2 > a] [ae [vos-tv.10-10ma [resin 
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hee = 7 {|| vg +20. co1 
las ee Goa a z z 3b 
on Grsteowon end rar a Teo] — Te oases 
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1, Approximately doubles for every 10°C increase in TA, or 
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| A s |s 
a 
3 monolithic dual suizonix |S 
Performance Curves NNR = 
n-channel JFETs Secteoaies’s - 
a BENEFITS > 
5 priate designed for... * Hnimum Sytem Enorand cater | & 
| ™ Low Noise FET Input “3m ortee Maximum (401) | 
4 { Amplifiers 95 dB Minimum CMRR (U401-04) 5 
; * Lom brit witn Temperature 
8 | & Low and Medium Frequency TonvPe Maximum (aor, 02) | © 
+ Oper rm Low Power Suply 
Amplifiers Volrenee c 
+ Vasiott) <2.5V - 
H & Impedance Converters « Simplifies Amplifier Design 2 
ves te { ® Precision Instrumentation : Sioa Couns <2 nh 
Breer 
RATER ! Amplifiers Beetumca wnerwen | & 
0 Ms Power Gain and Nolse Figure Test Ciroult @ Comparators Tom $ 
frente ABSOLUTE MAXIMUM RATINGS (25°) 
a Gate-Drain or Gate Source Vol soy c 
{ Forward Gate Current... 10mA > 
Hae cat ia) 8 
Cee ceed sSmurc . .. .. . s00m 
oa Boe precio 
OT a= 85°C 500 mW 
‘Storage Temperat . 65 to 200°C 
ELECTRICAL CHARACTERISTICS (0 2°C unin ther not) rove 
on nr t aCe Cette be 
ol fel Pap Tap [ad [oe [re | tessa: tear 
i cata cee sas fp) TP va 
RE ae 
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U401 U402 U403 U404 U405 U406 


Sil 


‘APPLICATIONS. 


General Purpose FET input Op Amp 


Siliconix 
pen Loup Gain and Frequency Response of A 


“Typeal Specs for General Purpove FET Input Op Amy 


+ #87 t0-88 Volts 
+m i2Wvre 

15 Nolo Retered 
the Input (01 to TRH)... «188 AV/Rms 
Gain ond Bandwidth. (see graph) 


"These specs depend upon the speifications of the Opers: 
tional amplifier 1C used, 


FET Input Instrumentation Ampifier 


For futher design infocmation, writ for 


DESIGNING FET:INPUT OPERATIONAL AMPLIFIERS. 
(AN74.3) 

DDeseribes the advantages of FET input ope 
{iets over ther bipolar transistor counterparts, Includes 
‘on noite, leskage current, offet and drift, CMRR and slew 
‘ate, Detailed design Information and several practi! ct 
cuits are Included. (16 page) 


Laser 
Instrumentation Amplifier 
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monolithic dual 

n-channel JFETs 

designed for... Berformance Curves NQP 
@ FET Input Amplifiers onarites 


@ Low and Medium Frequency 
Amplifiers 

@ Impedance Converters 

@ Precision Instrumentation 
Amplifiers 

= Comparators 


‘© Minimum System Error and Calibration 
10 mV Offset Maximum (U410) 
70 dB Minimum CMRR (U410) 
© Low Drift with Temperature 
10 uV/°C Maximum (U410) 
‘© Simplifies Amplifier Design, 
Low Output Conductance 


ton 
ABSOLUTE MAXIMUM RATINGS (25°C) 
Gate-To-Gate Voltge seco oseves sess soy 
Gate Brn or Gates Vai 2000000000000 BV 
Gate Curent TU olma 
‘378m 
310 mwrec 
rage 12168 to +150°C. 
sad Temperature (1/16" ‘orn ‘éaso for 10 seconds) . 200°C 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
le = = ye 
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eee 4 a 1 Fres=mov tos oy 
ale oa 2 2 “3 a 
=. a a @ [GE [otras] oro 
SR tc | =| | wel eo aeewteere 
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monolithic dual 


‘APPLICATIONS 


n-channel JFETs  s‘cam0"""=" aa ! eee 


designed for... 
™ Very High Input Impedance 
Differential Amplifiers 
Electrometers 
= Impedance Converters 


‘© High Input Impedance 
Ig = 0.1 pA Maximum (U421-3) 

(© High Gain 945 = 140 umho Minimum @ 
Tp=30uA (U421-3) 

‘© Low Power Supply Operation 
Vestott) " 2 V Maximum (U421-3) 

‘© Minimum System Error and Calibration 
10 mV Maximum Offset 


For mot information se 


DESIGNING FET INPUT OPERATIONAL AMPLIFIERS 
(ana) 


Describes the advantages of FET input operational ampi- 


U421 U422 U423 U424 U425 U426 
9TPN STPN vZ~N EtPN ZN izyN 


90.8 Minimum CMRR (U421, U424) fiers ver her bipolar transistor counterparts neh 
ABSOLUTE MAXIMUM RATINGS (25°C) pO iat Goes bape C ai pha) and drift, CMRR. 
Gate-to.Gate Voltage . . s40v i perstediay 
~40V 
10mA 
400 mW 
Total Device Dissipation, Ta = 25°C. ‘a <01 PAH Ven = 
(Derate 6.0 mW/°C to 150°C) ee 750 mW Ott = Can be nualed 10 0 vores 
Storage Temperature Range 65 10 +150°C Suit Sintec 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
ones oars “nie 
Tea oo vumenttion Amplitir 
2] Peas om arn cor ow) mI ms Vea" IOV. Nog+® 
0 eee ra eg Se 
7] © [Weary oto C Vote CC) a ERC 
2] [ies enn vote nm pg Vlg = 304A 
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matched dual 
n-channel JFETs 
designed for... 


™ Balanced Mixers 
™ Differential Amplifiers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or GateSource Voltage . 
Gate Current ... atarie 
Total Continuous 
{or Below) 25°C Free Air Temperature 
Derate 4 mW/°C to 150°C. ...2. 022.005 
Continuous Device Diss 
(or Below) 25°C Free Air Temperature 
Derate 2.4 mW/°C to 160°C. 
Storage Temperature Range... 
Lead Temperature 
1/16" from case for 10 seconds). 


ELECTRICAL CHARACTERISTICS (25° unless otherwise noted) 


Performance Curves NZA 
See Section 5 


BENEFITS 
© Low Noise Figure 
© Low IMD 

30 dBm Intercept Point 


099 
Su Section 7 


Pinger dint nn 
1 Roan 300 py ete 
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matched dual 


ABSOLUTE MAXIMUM RATINGS (25°C) 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


te Voltage... +s. . #60 29 po 
‘or Gate Source Voltage tee 225 
Gate Current .....se.ee00s tees, 5OmA 
Total Package Dissipation abe 
(25°C Free-Air Temperature) . . 360 mW 
Power Derating . 7 2. 2.8mW7°C = 
Storage Temperature Range . . “68 10 +150°C 
se 800°C 


Gate-to Source Voltage 


Sm Section 7 


stieenne 
n-channel JFETs 
. 
designed for... Performance Curves NZF 
See Section 5 
@ VHF/UHF Amplifiers BENEFITS 
ot Gan 
Ff 00 unto Minimum 
+ ut verona 500 wth Matha 
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Lybn oven 


"APPLICATIONS: nae Ves approaches VaS(otty. 5 inerenses very rapialy so] 
5 voltage-controlled se re en Se cae g 
3 \resistor FETs EES agin ic tres ne] © 

, cade aoe he feet Voge Ire tess HN 
Fs designed for... Ri'BCE Seo Section 5 Sey anal ARE tk Ree a een g 
> |m Small Signal Attenuators oon < 
Fy = Filters fa] 
|= Amplifier Gain Control \ Winaaiy ar sie 5 
g, |B Oscillator Amplitude Control | 6 
§ § 
5 : 5 
= 

g sn pies 3 


ABSOLUTE MAXIMUM RATING (25°C) of Four Fixed Resistors 
‘Drain or Gate-Source Voltage. .... 6.6.5 15V Figure 2 
ie Yelees Eee ! The VCR FET wan eve ne, etd 
Total Device Dissipation at Ta = 25°C Se ON PA SS AY bound og 0 ht canoe yds vote Vos 
iDermest 20mW/rCto 175°). oon: ae ae” het tole «he iirc mi iio 
suogeTempeativeRengeesriccccccebbwrree tenn Yen ur ve v= Oo sont eit 
Ss rey reno Sorgen Fw, ot 
Viet ih tata gs coun be ven FET bee 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) bilateral characteristic with no offset voltage, just like a 
fang Nourse Vog'stn sn be 
veal VER FETS aves 01 ve 
bi yon CBr ne x a FET characteristic has noticeabte curvature, 
Chaser in [Max] Mn asl Win nc [eM] Test Conditions ‘This series of junction FETS is intended for applications 
ie =e ET Me EDP SRA Tee eve ee eos eee h 
waite scteeras han te 4 cortege 
2 fh fvess ——enesonr esa Est Lat J, fasten von=0 i Inne mms wend Voge evo, 
+: [i — santas creme —| at | ol ao aah a Nograipse [ror ; events vnc ton tori rer tn 
os total at hese ; Pappy eerspertie ap caprtinred 
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n-channel JFET 
designed for... 


™ General Purpose Amplifiers BENEFITS 


= Analog Switching ® spmifed ee 00a 


‘© Automatic Insertion Package 


“ABSOLUTE MAXIMUM RATINGS (25°C) 


Drain-Gate Voltage 
Drain-Source Voltage 


to 
Reverse Gate-Source Voltag seebecton? 
Gate Current... : 
Continuous Device Dissipation 
at (or Below) 25°C Free Air Temperature 
(NOt 1) vesesseceseesecseseseeseses e+ 200m. . 
Storage Temperature Range «60... 51. “B5CtO +150, 
Lead Temperature H i} 
(1/16" from Case for 10 seconds)... + 260°C ae 
“ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
Chain ii [Mex [voi Ten Gondor 
1], [vess one souree banaoon Vorors_| -26 V_[ta==t0 Von =0 
5 
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n-channel JFETs 
designed for... 


Performance Curves NRL 


See Section 5 
= General Purpose Amplifiers BeNerits 
Low Cost 
= Switches © Automated Insertion Package 
“ABSOLUTE MAXIMUM RATINGS (25°C) se eeon? 
Drain-Source Volpe 
Drain-Gate Voltoge 
Souren-Gate Voltage : 
Total Device Dissipation at 26°C... 2 sto mie 
Devote above 25°C vss Zaamwre 
Operttingunetion Temperature scvevssesses, 1906 
Dlorape Tonporat Ranges eeescccoce a 
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
fs ere ol 30 oa] ao ot] a0] ae [rgrimte |i. su 
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n-channel JFETs 
designed for... 


@ VHF/UHF Amplifiers 
@ Mixers 

@ Oscillators 

® Analog Switches 


* ABSOLUTE MAXIMUM RATINGS (26°C) Som 5 6F 
Drain-Gate Voltage By 
Source Gate Voltage 25V ose 
Drain Current 1 30mA Se secon 
S10mA 
Total Device Dissipation @ 26°C 222 380 mi 
Derate above 25°C « S327 mec 
Operating Junction Temperature Range »,.. 6510 +136%C ey 
Storage Temperature Range . 1-65 to #150°C ‘ 
Lead Temperature “ : 
(1/16" trom case for 10 seconds). 240°C en 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Siliconix 
Performance Curves NH 
See Section 5 
BENEFITS 
© Low Cost 


'* Completely Specified for 400 MHz 
Operation 
‘© Low Error Analog Switch 
Very Little Charge Coupling 


‘©1979 Seon incorporates 
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3|n-channel JFET wide 
4 
&|designed for... Performance Curves NH 
® Analog Switches BENEFITS 
o Lis con 
& Ch ‘© Automatic Insertion Package 
rer cern ae 
@ Commutators bape ey oiled 
6 La Ens Colin ho iti 
teas 


Cras * 0.8 pF Typically 


“ABSOLUTE MAXIMUM RATINGS (25°C) 


oe B5 10 41966 ° 
F585 to HBOS ‘BD 
seen eee 2MOS i t 


“ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Gate-Drain or GateSource Voltage. . 
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n-channel JFETs webs 
designed for... See'Secion sve NC 


™ Analog Switches BENEFITS 
# Low Cost 
= Commutators © Industry Standard Package 
= Choppers * Automatic Insertion Package 
© Fast Sitcing 
trige © 8 m (2N53B) 
Low inetion Los 
Roston) = 20 8 (2N6638) 
Short Simple and Hold Aperture Time 
Cras <4 BF 


“ABSOLUTE MAXIMUM RATINGS (25°C) 


Drain-Source Breakdown Voltage . 30v 

Drain-Gate Breakdown Voltage. ov 

ite Breakdown Voltages... .ss.sscc01 30 

Forward Gate Current «--...20.001 fee TOMA 

625 mW 

Derate above 25°C. 5.68 mW/°C 

Operating Junction Temperatur -65 10 +135°C 

Storage Temperature Range. «« 65 10 +150°C 
Lead Temperature 

(1/16" from case for 10 seconds) ......+4 00+ 800°C 


“ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
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n-channel JFETs 
designed for... 


® Analog Switches 
= Commutators 


™@ Choppers 


“ABSOLUTE MAXIMUM RATINGS (25°C) 


Drain-Source Voltage . . -30V 
Drain-Gate Voltage ... 130 
Source-Gate Voltage... 30V 
Forward Gate Current... 10mA 
Total Device Dissipation at (or Below) Ta = 25°C 

(Derate 2.82 mWW/"C t0 195°C)... +++. ++ +2360 mW 
Operating Junction Temperature Range . .... “65 to +135°C 
Storage Temperature Range ... 1-65 to +150°C 


“ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Performance Curves NC 
See Section 5 


BENEFITS 
# Low Cost 
‘© Automatic Insertion Package 
© High Speed 

TON + SOF ® 26 ns Max (2N5G53) 
© Low Insertion Loss 

Rs(on) = 80 £2 Max (2N5653) 
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n-channel JFETs 5.8 
Siliconix | 
d Pe vance Curves NH F 
lesigned for... Berformance 
BENEFITS 8 
reves 
3 Soecmadion te Soca 
4 
Bi. ie g 
Source-Gate Voltage 25. ‘S00 Section 7 o 
Bence ay 
mpoman Doman adi , 
‘Oper ting Temperature Range. - 55 to 135°C 
‘Storage Temperature Range. 85 to 150°C « 
(1/16" from case for 10 seconds) ........ 300°C * 
eumcwine oe Test Gondor 
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J105 J106 J107 


3105-18 J106-18 J107-18 


designed for... 


® Analog Switches 
@ Choppers 


= Commutators 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Storage Temperature Range. . 
Lead Temperature Range 
(1/16" from case for 10 seconds) 


n-channel JFETs 2. 


Performance Curves NVA 
See Section 5 


BENEFITS 
‘© Very Low Insertion Loss 
Ros(on) <3 2 (9105) 
© No Offset or Error Voltages Generated 
by Closed Switch 
Purely Resistive 
High Isolation Resistance from 
Driver 


Gate-Drain or GateSource Voltage .. += 28V 
Gate Current . sane 50 mA 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mW/"C). 2360 mW 
Operating Temperature Range. “85 to 135°C 


185 to 150°C 


«300°C 


D3 


ELECTRICAL CHARACTERISTICS (25°C unless othorwise noted) 
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n-channel JFETs sien | B 
My 
designed for... Berformance Curves NIP | 
6 
= Analog Switches BENEFITS 3 
ar 3 
§ Choppers 5 atomiesd inirtoi chins y 
» at 8 0 
W Conwiivtators + Nother or Eror Voltages Generated | SS 
® Low Noise Audio Amplifiers 3s 
cian Rein rom | Se 
Driver oO 
«Fat etting 
t(on) + ty = 5 ns Typical 
onthe 


in = 6 AV A/a at 10 He, Typ (110) 
ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-0 
Gate Current ..... 
Total Device Disipaion at 26°C Ambient | 
(Derate 3.27 mW/'C). 


0 ection? 


Lead Temperature Range 
(1/16" from case for 10 seconds) . . 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) or 
coonaane ee ee — 
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n-channel FETs 
designed for . 


® Analog Switches 
@ Choppers 


JM JZ STIS 


J111-18 J112-18 J113-18 


= Commutators 


ABSOLUTE MAXIMUM RATINGS (25°C) 
Gote-Drain or Gate-Source Voltage 
Gate Current. ee. eeesvesevsense 
ice Dissipation at 25°C Ambient 
3.27 mW/'C). 


(1/16" from case for 10 seconds) . 


BENEFITS 
© Low Cost 
© Automated Insortion Package 
© Low Insertion Loss 

Ros(on) < 302 (111) 
# No Offset or Error Voltages Generated 

bby Closed Switch 
Purely Ros 


istance from 


«Fast Switching 
*D(on) + tr = 13 ns Typical 

‘© Short Sample and Hold Aperture Time 
Coatott) <5 PF 
Costoft) <5 PF 


n-channel JFET 
designed for... 


= Analog Switches 
= Choppers 


= Commutators 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage -=28V 

ate Current, 50mA 
Dissipation at 25°C Ambient 

3.27 MWPC)... +++ sess e+ 960 mW 

11286 t0 1356 

1185 to 150°C. 

300°C 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Big 


Siliconix 


Performance Curves NZF 
See Section 5 


BENEFITS 
‘© No Offset or Error Voltages Generated 
by Closed Switch 
Purely Resistive 
High Isolation Resistance from 
Driver 
* Very Fast Switching 
*D(on) + t= 6 ns Typical 
‘Short Sample and Hold Aperture Time 
oft) $2 PF 
ont Sar 


Aoposintly outer ver 10°C een TA, 
2 Paneer urn ©3009 uy eve co 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
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J174-JI75 3176 5177 


J174-18 J175-18 5176-18 5177-18 


p-channel JFETs 
designed for... 
® Analog Switches 

@ Choppers 

= Commutators 


Performance Curves PS 
See Section 5 


BENEFITS. 
© Low Cost 
‘Simplifies Series Shunt Switching when 
when Combined with J113, its N-Chi 
Channel Complement 
'* Low Insertion Loss 
Rosion) <85 9 (J174) 
‘© No Oftset or Error Voltages Generated 
by Closed Switch 
Purely Resistive 
ion Resistance from Driver 
ind Hold Aperture Time 
Srgiott) S55 PF. 
Caglott) <5:5 PF 
Fast Switch 
td(on) + tr 7 ns Typical 


ABSOLUTE MAXIMUM RATINGS (25°C) 


GuaecrorGr gute tore Vatagn Note)... 83,309 
Seeaoiier e+ amr 
‘Total Device issipation at 26°C ‘Ambi ‘seteeten 
aces aan sony 
oneaata azn Bed 
Storage Temperature Rage 86 t0 150°C ial 
seen ee BOC 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) Z ‘ 
—— [atin | tv] Mas [in] Tye [Max |Win | Ye | Mon] ae 
Pa] [eso 5] | 8] rn eave 
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n-channel JFETs 
designed for... 


= General Purpose Amplifiers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain oF Gate-Source Voltage (Note 1) . 

Gate Current ...0.sseeeceeves 

Total Device Dissipation at 26°C Ambient 

(Derate 3.27 mW/'C),. #33 

Operating Temperature Range, 

‘Storage Temperature Range. 

Lead Temperature Range 
(1/16" from case for 10 seconds) 


185 to 150°C 
-.300°C 


.: a 
Siliconix 
Performance, Curves NP 
Section 5 
BENEFITS 
© High Input Impedance 
Ig = 35 pA Typical 
‘Good for Low Power Supply Opera 
tion 
Vestott) < 15 V (J201) 


a 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
re ahaa = i sam fas [re tarc 
3]tavase _gensonenonaon | a ry =a Vosstge-9a 
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n-channel JFETs 
designed for... 


= General Purpose Swi 


J204 
5204-18 


e Section 5 


ching BENEFITS 


© Very Low Leakage 


=25V 
[50ma 3 


ros 
se Section 7 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or GateSource Voltage (Note 1)... 
Gate Current, 
Total Device Dissipation at we ‘Ambient 


360 mW 

1-86 to 135°C 

Storage Temperature Rang 156 to 150°C 
Lead Temperature Range 

(1/16" from case for 10 seconds) -.300°C 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
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Siliconix 


Berformance,Curves NP 
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n-channel JFETs 
designed for... 


= General Purpose Amplifiers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


ci 


Siliconix 


Performance Curves NZF 
Section 5 


BENEFITS 
© High Gain 
Gg = 7000 umho Minimum 
(241, s212) 
{© High Input Impedance 
ggg = 100 pA Maximum 
© 5 pF Typical 


wer Lize OLer 


Gate Drain or GateSource Votge sees 228 . 
Gee Curent wrrreee SEIN 
Tora Dee Disiaion a 26°C Ambit 
Sarre) sees: 360m \. 
Se tase 
STs te 1B 
sd tenpurure Range , 
{i/A8" rom cse ar 10 second) . 3006 ‘ | 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
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4J230 J231 J232 


5230-18 J231-18 J232-18 


iliconix, 


n-channel JFETs 
designed for... 


™ Audio and Sub-Audio 


‘ABSOLUTE MAXIMUM RATINGS (25°C) 

Gote-Drain or Gate-Source Voltage (Note 1)... +. 

Gate Current... ates 

‘Total Device Dissipation at 25°C Ambient 
13.27 mW/'C), 

ing Temperature Range. . 


ture Ronge, 55 to 180°C 
wure Range 
{rom case for 10 seconds) . ++300°C 


5:3 
Siliconix 
Performance Curves NS 
See Section 5 


BENEFITS 
© Ultra Low Noise 

By = 8 nVA/He Typical at 10 Hz 
in = 2nVA/H2 Typical at 1 kHz 


cn 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
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spe 


p-channel JFETs site rve 
designed for... 


= General Purpose Amplifiers 


Performance Curves PS 
See Section 5 


BENEFITS 


ic Insertion Package 
‘© High Gain Amplifiers 

‘fs = 14,000 umm Typical (3271) 
© Low Noise 

y= 6 nVAVFR at 1 kHe Typical 


ABSOLUTE MAXIMUM RATINGS (25°C) 
‘Drain or Gate Source Voltage (Note 1). 
GUEN.s esses ee sire 
Total Device Dissipation at 25°C Ambient 


.30V 
50 mA 


(Derate 3.27 mW/'C). sees, 960 mW 
Operating Temperature Range. - 156 to 195°C 

85 to 150°C 
(1/16" from case for 10 seconds)... ++. .+. +++ .800%C 


ELECTRICAL CHARACTERISTICS (26°C unless otherwise noted) 


Ne 5 pecan 
Ss 
2} [co Srna Gaon # ¥ 


1 Gene seule. Un mayb operated wth sure and en ene 
2 Aopeonmaty doe freer He ein Ta 
3 Aone arton = 2m 
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J300 


n-channel JFETs 
designed for 


= VHF/UHF Amplifiers 
© Oscillators 
@ Mixers 


‘ABSOLUTE MAXIMUM RATINGS (25°C) 


Performance Curves NZF 
See Section 5 
BENEFITS 
© High Power Gain 
‘20-23 dB Typical at 100 MHz, 
‘CommonSource 
17.5-20.5 dB Typical at 100 MHz, 
Common-Gate 
© Low Noise Figure 
1.3 dB Typical at 100 MHz 
© High Dynamic Range 
Greater than 100 dB, 


i 


Gate-Drain or Gate-Source Voltage. . -25V 
Gote Current... 10ma " 
‘Total Device Dissipation at 25°C Ambient . 

(Derate 3.27 mW/'C).. 5 380 mW 
Operating Tempera DIT te 138% 
sr TINT 286 to 150% ’ 

ture Range 5 

“TH/16" trom ease fr 10 seconds) + 800°C we ! 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise specified) 
Charcwie Win [ Wax [One “Ten Condon 

Ys} tv eves Curent <8) A | Vag*-16 , vps 0 

3] | 085 ee Cu 68-18 V. Vos" ase 

a) *Tavess 1g==1HA, Vos=0 
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51° [oss Vos=10v.ves+0 

6] ofan 
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n-channel JFETs su 
designed for... 


Performance Curves NH 
See Section 5 


| VHF/UHF Amplifiers BENEFITS 

# Characterized for Operation at 100 
© Oscillators Samoans oem 

«Low Noise 
= Mixers NF = 1.7 dB Typical at 100 MHz 


ABSOLUTE MAXIMUM RATINGS (25°C) 
Gate Drain or GateSource Voltage, 
Gate Current 

Total Device Dissipation at 26°C Ambient’ 


SIS Sips te 180" p 
Lead Temperature Range ) 
(1/16" from case for 10 seconds) .......+++.++.300°C we * 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
= a Tew Gonon 
5 [pg Seen io oT a 50 FE YET 
1 vesoncnesoreovt vote —| a] Ta] 3p [oss v.19 tom 
| [aves one serene vom | =) 
offic no 7 Oy 
5} fm ‘oneconavetonee tote 2 hen Lise based 
slo [om  Siaasessee EB “ 
Wile eee 77] a 
fa]é [em Semndgenta™ on ” tn 
haar oo 
fa canmeh trues Oona ‘| @ 
watt Soa ‘e 
cy co Sl oad vies wisn 
en Se Fr 
H camera tea ‘0 a 
} es ai 
H a ae Ea) 
Slow Sseatade 73a 
& Cesmentent Per 72] 
Tans hpos v7 Pose t8viio-8ma, 
bes ‘Bingle Seana) 38] Aga 1K 
ot Wea Ta tm 


419 


soer vocr 


x 


J308 J309 J310 


iconix 


n-channel JFETs sis, 

designed for... Secfgomencescurves NZA 
BENEFITS 

@ VHF/UHF Amplifiers 


© Industry Standard Part 
In Low Cost Plastic Package 


®@ Oscillators ‘© High Power Gai 
11 dB Typical at 450 MHz 
@ Mixers ‘Common-Gat 


© Low Noise 
ABSOLUTE MAXIMUM RATINGS (25°C) 


Voltage -- 
Source-Gate Voltage . 
Forward Gate Current. benteaeey 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mW/'C), vee 
Operating Temperature Range, : 
Storage Temperature Range. «02... +. 
Lead Temperature Range 

(1/16" from case for 10 seconds) . 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
208 
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n-channel JFETs 


current regulator diodes 
designed for aaa Ls formance Curves NCL 


BENEFITS 
© Low Cost 

‘© Simple Two Lead Current Source 
‘© Simplifies Floating Current Sources 


™ Current Regulation 
® Current Limiting 


® Biasing ‘No Power Supplies Required 
7 ‘© Good Operating Current Tolerance 
& Linear Ramp and Staircase 220% 
Generator os 
sevbenton? 
ABSOLUTE MAXIMUM RATINGS (25°C) ford 
Peak Operating Voltage 
Forward Current 
Reverse Current, nth 
Total Device Dissipation at 25°C Ambient 
(Derate 3.27 MWC)... es eeeeeeseees omen 
Operating Temperature Renge. Hi 
Storage Temperature Range, ....-..2....1,=85to 150°C 
Lead Temp lange ‘ 
(1/16" trom case for 10 seconds) «2.2.24. .800C ‘ 
ELECTRICAL CHARACTERISTICS (26°C unless otherwise noted) 
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43506 J507 J508 J509 J510 J511 


n-channel JFETs 
current regulator diodes 
designed for... 


Performance Curves NCL 


low-leakage 
pico-amp diodes 
designed for... 


Bis 


Siliconix 


3. Memon Ve vegoed our tf 28 Irina ‘Vl Characteristic 


See Section 5 u 
BENEFITS & High Impedance Diode BENEFITS 
®™ Current Regulation : pel vce Subset 05 { Switching © Low Cost 
Simple Two Lead Curent Source i x 
® Current Li 9 © Simplifies Floating Current Sources n @ High Dynamic Range Log Amps 
‘i No Power Supplies Required . 
® Biasing ‘© Good Operating Current Tolerance | ® High Isolation Protection 
® Linear Ramp and Staircase Caca 4 Circuits 
Generator “ 
ABSOLUTE MAXIMUM RATINGS (25°C) ber a ui 
Peak Operating Voltage sov | ABSOLUTE MAXIMUM RATINGS (25°C) . 
Forward Current 20ma Forward Current. 
Reverse Current. 50ma, ¥ Total Device Dissipation 
Total Device Dissipation at 26°C Ambient i Storage Temperature Rang ‘ 
(Derate 3.27 mW/"C), soe gp+380.mW ai Lead Temperatu 
Operating Temperature Ronge 166 to 135% {1/16" from case for 10 seconds) .....++.+++++ 300°C 
Storage Temperature Ranges. 0.0... /—850 180°C : 
Lead Temperature Range } { 
(1/16" from case for 10 seconds) . . ee 300°C 4 . ne 
ied } ‘Also Available As EPADEO, 
} wea sco rose 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) \ 
Soe iae [07 [aoe [on [ova [0 [van | panel 
ml sin 1120| 1400 | 19 | 24 | 29] 38 \ ELECTRICAL CHARACTERISTICS (25°C) Loaoial 
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K114-18 


Siliconix 


n-channel JFET 
designed for... 


® Analog Switches 
@ Choppers 


= Commutators 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Performance Curves NZF 
See Section 5 


BENEFITS 
‘© No Offset or Error Voltages Generated 
by Closed Switch, 
Purely Resistive 
High Isolation Re 
Driver 


© Very Fast Switching 
*D(on) * tr = 6 ns Typical 
‘© Short Sample and Hold Aperture Time 
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n-channel JFET sites 


designed for... Bertormance, Curves NH 
@ VHF/UHF Amplifiers BENEFITS 


Mixes «© Specified for 200 MHz Operation 
® Oscillators 
ros 


ABSOLUTE MAXIMUM RATINGS (25°C) 
Drain-Gate Voltage 


360 mW 


Seetecion? (Derate sea 
. Operating Terperatu ULB to 1385%6 F 
"Temperature Ronge 11285 t0 160°C “£) 
7 (1/16 from case for 10 seconds)... +++. 300°C 4 be 
(Derate 3.27 mW/°C), seer ee 360 mW . i) . 
Operating Temperature Range... 86 t0 135°C ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
Storage Temperature Range 85 t0 180°C ! : 
Lead Temperature Range ‘ Gree ee Ta Conan 
{(H/16" from case for 10 seconds) «5... +.++++900°C : it 7 = 220 9A 
ey, tn St PR vag -20V. vos =O 
ver ' 
3 |alevass — & 2 to=-19A.Vos=0 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) “J e|Yeswm ve -04,| 48 Nous 18 Vitor 04 
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° xz 
a (n-channel JFETs ies n-channel JFET 3 
pian 4 
Nn 
erformance Curves NZF —_ 
§ |designed for... jormance, designed for... 3 
2 /m General Purpose Amplifiers BENEFITS = VHF/UHF Amplifiers BENEFITS 
z a papriicaren 
§ eaererey Oscillators Zatncte 
Rae ; Sapa contr 
e tess = 100 pA Maximum = Mixers Common-Gate 
3 me a a ica 
3 aaa ee ee 
Nn 100 dB 
4 
anit ‘sa lobe 
ABSOLUTE MAXIMUM RATINGS (25°C) eae ABSOLUTE MAXIMUM RATINGS (25°C) peta: 


Gate Drain of Gate-Source Voltage 
Gate Current 


— ee i Gute Drain o Gate Soure otoge + 
Teta Deve Dissipation ot 26°C Ambien E qual onde Dinpeae war oaene 
Cement  aiiaoo in pation at 28°C Ambien 
tl 3. PC), 360 mW oy (l 3.27 mw/°C) seer 


Operating Temperature Range. 55 to 135°C ‘e eee 
Storage Temperature Range. seca es - 65 to 150°C Operating Temperature Range. » 
Lead Temperature Range Z Reorege Treeareure fone 
(1/16" from case for 10 seconds)... 6.66. ees 0 serpy rare Rage 
i ’ a00"e £) {H/16" from cas for 10 seconds) : 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) en wn | tye | tee | OM feck ace! 
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K304-18 K305-18 


n-channel JFETs 
designed for... 
= VHF/UHF Ampli 


© Oscillators 
@ Mixers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage 

Gate Current. 

Total Device Dissipation at 25°C Ambient 
(Derate 3.27 mW/°C), 

Operating Temperature Range. 

Storage Temperature Range. 

Lead Temperature Range 
(116" from case for 10 seconds) ..... 


rN 


Performance Curves NH 
See Section 5 


BENEFITS 
terized for Operation at 100 
‘and 400 MHz 
© Low Noise 
NF = 1.7 4B Typical at 100 MHz 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
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n-channel JFETs 
designed for... 


© VHF/UHF Amplifiers 
© Oscillators 
@ Mixers 


* ABSOLUTE MAXIMUM RATINGS (25°C) 


Performance Curves NZA 
See Section 5 
BENEFITS 
«© Industry Standard Part 
In Low Cost Plastic Package 
© High Power Gain 
11 dB Typical at 450 MHz 
Common-Gate 
© Low Noise 
2.7 4B Typical at 450 MHz 
‘© Wide Dynamic Range 


Drain-Gate Voltage . . 25V Greater than 100 dB. 
Source Gate Voltage BY Easily Matcher 1 752 Input 
Forward Gate Current. . .. + 10mA, saan linbicn 
Total Device Dissipation at 25°C Ambient ‘Seu ection 
(0 27 mW/"C). 2-360 mW 
Operating Temperature Range. =B6 to 135°C 
Storage Temperature Range. 1.755 to 150°C ye 
Lead Temperature Range is 
(1/16" from case for 10 seconds) ...... 300°C * 
cw 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
= =e a coo, 
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n-channel JFET 
designed for... 


= VHF Amplifiers 
@ Mixers 


o 
" 
= 
g 
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ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain oF GateSource Voltage . 
Gate Current... 


185 to 150°C 


Lead Temperature Range 


(1/16" from case for 10 seconds) . 300°C 


Berformance Curves NH 
See Section 5 


BENEFITS 
© Low Noise 

NF = 3.dB Typical at 400 MHz 
‘© Wide Bandwidth 
© Low Cost 


‘auction? 
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ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
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n-channel JFET 


designed for... Berformance, Curves NH 
© VHF/UHF Amplifiers BENEFITS 
= Mixers 2 Automat nation Package 
© Oscillators 
ron 
oR, 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Drain-Gate Voltage ; 
Source-Gate Voltage... 
Drain-Source Voltage, . |... 
Forward Gate Current. » 
Total Device Dissipation at 25°C Ambient | 
(Derate 3.27 mW/'c).. 
Operating Temperature Range. 
Storage Temperature Range... . 1... ..,,—85t0 160°C 
Lead Temperature Range o 
(1/16" from case for 10 seconds)... +++ + 900°C o 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
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= 5 
a Performance Curves NH 
2|designed for... Berformance, 
@ VHF/UHF Amplifiers BENEFITS 
* Lon con 
@ Mixers ‘© Automatic Insertion Package 
® Oscillators 
ABSOLUTE MAXIMUM RATINGS (25°C) nie 
Oninate oti 
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n-channel JFET 


‘© Automatic Ins 


® Analog Switches 


‘ABSOLUTE MAXIMUM RATINGS (25°C) 


Drain:Gate Voltage “25V 
Source-Gate Voltage i 25V 
Drain-Source Voltage 125V 
Forward Gate Current S10mA 
Total Device Dissipation at 26°C Ambient 

(Derate 3.27 mW/'C)...... 360 mW 


Operating Temperature Range. TOIT 286 to 136% 
Storage Temperature Range. 55 to 150°C 


fan fererrrrrry: “4 
from case for 10 seconds) ..es.ese++ 800°C 


tr siiebrix 
designed for... Berformance, Curves NRL 
= General Purpose Amplifiers seNerITs 
* Low com 


Lead Temperature t 
wn 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
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MPF111 


n-channel JFET 
designed for... 


™ General Purpose Amplifiers 
® Analog Switches 


ABSOLUTE MAXIMUM RATINGS (25°C) 
Drain Gate Voltage ..... + 
Source:Gate Voltage - 
Drain-Source Voltage, 
Forward Gate Current 
Total Device Dissip 


at 25°C’ Ambient 


(Derote 3.27 mW/'C). 5... oo 360.mW 
Operating Temperature Range... ~B5 to 135°C 
‘Storage Temp 185 to 150°C 

300°C 


BENEFITS 
© Low Cost 


‘© Automatic Insertion Package 
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ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
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n-channel JFET 
designed for... 


ss 
Siliconix 


Performance Curves NH 


TLLadW 


See Section 5 
VHF/UHF Amplifiers BENEFITS 
# Low Cost 
@ Mixers ‘© Automatic Insertion Package 
© Oscillators 
ros 

‘ABSOLUTE MAXIMUM RATINGS (26°C) 
Drain-Gate Voltage. 28V 
Source-Gate Voltage 110.000.0000. 2sv 
Drain-Source Voltage... ..)..cilisciisviissii28V 
Forward Gate Current... Soma 
Total Device Dissipation at 25°C’ Ambient 

(Derate 3.27 m/c). +360 mW 
Operating Temperature Range “Bb to 135°C 
Storage Temperature Range. “8510 150" : 

ad Tempera 

1/16" from case for 10 seconds) «2+ +2+++ 300°C ® 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) kien 
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P1086 P1087 


P1086-18 P1087-18 


p-channel JFETs 
designed for... 


= Analog Switches 


™@ Choppers 
= Commutators 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate Source Voltage (Note 1). 
Gate Current...... 
otal Device Dissipation at 25°C Amb) 
(Derate 3.27 mW/'C). 
Operating Temperature Range. . 
Storage Temperature Range. 
Lead Temperature Range 
1/16" from case for 10 seconds) ... 


seas 960 mW, 
186 t0 135°C 


Performance Curves PS 
See Section 5 


BENEFITS 
‘© Low Insertion Loss 
Ros(on) =755? Maximum (P1086) 
‘© No Offset or Error Voltages Generated 
by Closed Switch 
Purely Resistive 
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ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) oY 
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n-channel JFETs 


siteonin 
designed for . ssciSacioe Soret NE 
eenerirs 


‘© Low Insertion Loss 


High Accuracy in Test Systems 
Ron < 30:2 (PN4091) 
© High Off-tsolation. 


®@ Analog Switches 
=| Commutators 
@ Choppers 


'p(oft) < 200 pA 
+ High Speea 
@ Integrator Reset Switch Mere lace’) 
«short Sample and Hold Aperture Time 
ABSOLUTE MAXIMUM RATINGS (25°C) Sea SB ph 
Reverse GateDrain or Gate Source Voltage. ~40v awe; 
Gate Current STOMA . 
otal Denice Gisipaion st 26° Arent” 
(Derte3.27 mW/Ch.s-.>. + 960 mW H 
Operating Temperature Range “B60 135°C 
Storage Temperature Range. 56 0 160°C i 
Lad Temperature Range 
6" trom ease for 10 seconds)... -.a00%e 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


£60~Nd Z60~Nd L60~Nd 
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n-channel JFETs 


n-channel JFETs 


3 o 33 
= 2z 
gs Siliconix |B 
‘ . 
Fd Performance Curves NP desi Performance Curves NC Ss 
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INTRODUCTION 


‘The baste principle ofthe Gelteffect transistor (FET) has 
been knoven since JE Lilenels patent of 1925. The theo: 
retical description of a FET made by Schockley in 1982 
paved the way for development ofa casi electronic device 
which provides the designer with the meansby which he can 
sccomplih nearly every ciccult function. The fek-etTect 
transistor eater was known 36 3 “unipolar” transistor and 
the term refers to the fact that curtent is transported by 
carriets of one polarity (majority) whereas in the conven 
tional bipolar transistor cartes of both polaites (majority 
and minonty) are involed 


‘This Application Note provides an insight into the nature of 
the FET, and touches briefly on its basi chacacteristie, 
terminology and parameters, and typieal applications 


‘The folowing list of FET appl 
tity ofthe FET fam: 


ons indicates the vers 


Amplifiers Switches Qurrent Liters 
‘Small Signal Chopperype VoltageContoled 
Low Distortion Analog Gate Resistors, 

High Gain Commutator Mixers 

Low Noise scilators 
Selective 

De. 


High-Frequency 


This very wide range of FET applicationsby no means implies 
that the device will eplce the more widely-known bipolar 
transistor in every case. The simple fact is that FET charac 
teristics ~ which ae very different from those of bipolar 
devices can often make ponble the design of technically 
superior (and sometimes cheaper) citcuits. This comment 
applies not only to networks employing discrete devices and 
‘conventional components such as resistors and capacitors, 
bbutalso extends to both linear and digital integrated crcl 


APPLICATION NOTE 
An Introduction to FETs| 


In fact, FET technology today allows a greater packaging 
density in large-scale integrated cixeuts (LSI) than would 
eve be possible with bipolar devs, 


(Although there is no industy-acepted definition of LSI, 
apparently when the equivalent eicuit of an IC contains 
‘more than 1,000 acuve elements S00 gates) ori “very con 
plex", the end product may be called LSI With atypical 
St chip measuring less than 200 x 200 nls, thi i high 
density packaging indeed) 


‘The family tre of PET devies (Figure 1) may be divided 
into two main branches, junction FETS FETS) and Insul- 
{ed Gate FETs (or MOSFETs, metatoxsosilcon field-effect 
transistors) Junction FETS ae inherently depletion mode 
devices, and ate availabe in both P- and N-Channel con- 
figurations. MOSFETs are availble in both enhancement or 
epleton modes, andexist asboth N- and P-Channel devices. 
‘The two main FET groups depend on different phenomena 
for their operation, and will be discussed sepuatly. 
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‘unston FETS 


In its most elementary version, this transistor consists of 
piece ofhighvesistvty semiconductor material (usally si 
con) which constitutes a channel forthe majority carriet 
flow. The magnitude of tis current is controled by a volt- 
age applied 10 agar, which is a ceverse based PN junction 
formed along the channel. Implicit in ths description is the 
fundamental diference between FET and bipola devices: 
when the FET junction is revere-biased the gate current is 
practically 2er0, whereas the base curent ofthe bipolar ran- 
Sistor is always some value greater than zero. The FET isa 
highinpat resistance device whi the input resistance ofthe 
bipolar transistor is comparatively low. Ifthe channel is 
‘doped witha donor impurity, N-type materia is formed and 
‘the chanael curent will consist of electrons. If the channel 
|s doped with an acceptor impurity, Pype material will be 
formed andthe channel curtent will consist of holes.N-Chan- 
nel devices have greater conductivity than P-Channel types, 
since electrons have higher mobility than do holes; thus N- 
‘Channel FETS tend to be mote efficient conductors than 
their PChannel counterpart 


Junction FETs are particularly sulted to manufacture by 
‘modem planar epitaxial processes. Figure 2 shows this pro- 
‘ess in a idealized manner, Fst, Naype sion is deposited 


Sa o eon * 
——eee 


(1 nat tran by FET 


deatzed Manutacture of n N-Channel Jnetion FET 
Fire? 


epitaxaly(single-rystal condensation surface) onto mono 
Cystine Paype acon, 30 that erytal integrity is main- 
tained, Then a layer of slcon dioxide is grown onthe sur 
face ofthe Naype Iyer, and the surface i etched so that an 
sczeptorsype impunity ean be diffused through imo the 
‘icon. Te resulting cross-section is shown in Figure 2C, and 
demonstrates how a Paype annulus hasbeen formed in the 
layer on Niype silicon, Figure 2D shows how a further 
sequence of oxide growth etching, and difusion can produce 
{channel of Naype material within the substrate 


{In addition to the channel material, 2 FET contains wo 
‘ohmic (nonectfying) contacts, the source andthe drain 
These are shown in Figute 2E. Since a symmetrical geome 
ceury 18 shown in the idealized FET chp, itis immaterial 
which contact is called the source and which is called the 
rain; the FET will conduct cucent equally well in ether 
‘itection and the source and drain lads re usually inte 
changeable 


(For certain FET applications, such as amplifiers, an sym 
retical geometey i preferred for lower capacitance and 
Improved frequency response. In these eases, the source and 
drain leads should not be interchanged) 


Figure 2E ao shows how the N-Channel is embedded in the 
Paype silicon substrate, so that the gate above the channe] 
becomes part ofthis substrate Figute 3 shows how the FET 
functions. Ifthe gate is connected to the source, then the 
applied voltage (Vips) will appeat between the gate and the 
dain, Since the PN junction is revrsebase, ite current 
will flow in the gate connection. The potential gradient 
Cstablished will form adepevon ayer, where almost all the 
electrons present inthe Nype channel wil be swept away. 
The most depleted portion isin the high Hild between the 
fate and the deain, and the leastdepleted aea is between 
the gate and the soure. Because the ow of cutent along, 
the channel fom the postive) drain tothe (negative) source 
is really a flow of fee electrons fom source to drain in the 
Naype silicon, the magnitude ofthis curent wil al as more 
silicon becomes depleted of fee electrons. There is lint 
to the drain cutent (Ip) which increased Vps ean drive 
‘through the channel, This imiing current is known a Ings, 
(DrabvtorSource current with the gate Shorted o the 
Source). Figute 3B shows the almost complete depletion of 
the channel under these conditions. 


Figure 3C shows the output characteristics of an N-Channel 
JPET with the gate short-ircuted tothe source. The intial 
rein pis elated tothe bulldup ofthe depletion layer a 
Vpsineteases. The curve approaches the level of the limiting 
ccuttent pgs when Ip begins to be pliched off The physical 
reaning of this term leads to one definition of pinch-off 
voltage, Vp, which is the value of Vp at which the maxi 


(8) Nechanne FET working blow stration (Vos * 
{epievon sown nym ehonel oon 


In Figure 4, consider the case where Vip = 0, and where 2 
negative voltage Vg is applied to the gate. Again, a deple- 
tion layer has built p. IF smal value of Vpg were now 
applied, this depletion layer would Limit the resultant chan 
nel curtent to 2 value lower than would be the case for 
Vs * 0. In fact, ata value of IVgs! > IVpl the channel 
current would be almost ently cutoff. This cutoff voltage 
{sreferced tas the gate cutoff voltage, and may be expressed 
by the symbol Vp or by Vos(oty. Vp hat been widely used 
in the past, but Vescogq ow mote commonly accepted 
since it eliminates the ambiguity between gate cutoff and 
drain pinchoff. Vgsiotty and Vp, stetly speaking, are 
quali magnitude but opposite in polarity. 


cag FET Showing Dsinion Due To 
"Gree Sewee Vata Vos 
Fa 


“The mechanisms of Figure 3 and 4 react together to provide 
2 family of output characteristics as shown in Figure SA. 
‘The area below the pincholf voltage locus is known a8 the 
twode of “below pitchofT” cepon; the area above pinchoff| 
‘soften refered to asthe pentode o saturation resin. FET 
‘behavior in these regions is comparable t0 that of a power 
{id vacuum tube, and for thi teason FET operating in the 
Saturation region may be used as excellent amplifies. Note 
that in the "Below pinchotT” region both Vs and Vps| 
contol the chanel cutent, while in the saturation region 
Vips hs lite eect and Vgjs esentally controls I. 


Figure SB relates the curves of Figure SA tothe actual ec 
cult artangement, and shows the number of meters which 
may be connected to display the conditions relevant to any 
combination of Vpg and Vg. Note thatthe direction of| 
‘the arrow atthe ge pies de direction of eurteat flow for 
the forward-bas condition ofthe junction In practice, how 
ever tis aways reverse bse, 


Faw 


The P-Channel FET works in precisely the same way a8 does 
the N-Channel FET. In manufacture, the planar prooess is 
sentially reversed, with the acceptor impurity diffused 
first onto Naype sllcon, and the donor impurity diffused 


LELNV 


Tater to form a second Naype epion and leave a Paype chan- 


mum Ipss flows 
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‘el. In the PChannel FET, the channel current i de to hole 
movement, rather than to electron mobility. Consequently, 
all the applied polarities are reversed, along with thei direc 
lions and the direction of current flow. Figure 6A shows the 
ciceut arrangement for a P-Channel FET, and Figure 6B 
shows the output charactevstis ofthe device. Not that the 
‘cures are shown in another quadrant than those ofthe N- 
Channel FET, in order to sess the curtent dictions and 
polarities involved. 


In summary, a junction FET consists exsenilly of chan- 
nel of semiconductor material along which a curtent may 
flow whose magaitude is a function of two voltages, Vps 
and Vs, When Vp is greater than Vp, the channel current 
{is controlled largely by Vos alone, because Vos is plied 
to a reversebiased junction. The resulting gate cutent Is 
extemely smal, 
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(01 Famiy of otout hares for P-channel FET 


MOSFETs 
The metahoxidesiicon FET (MOSFET) depends for its 
operation onthe fact that its nt actully necessary to form 
2 semiconductor junction on the channel ofa FET inorder 
to achive gate control of the channel cutent. Instead, 3 
retalic gate may be simply isolated from the channel by a 
thin ayer of licon dioxide, at shown n Figure 7A. Although 
the bottom of the insulating layer i in contact withthe P- 
type alicon substrate, the physieal processes which occut at 
this interface dictate that free electrons wll accumulate at 
the interface, spontaneously forming an Naype channel. 
‘Thus a conducting path exists between the difused N-type 


source and drain epions, Further, the MOSFET will behave 


se [reer 
ci 


Tosnrnare 
(A taeatzeernesevon wee n Nenana éplton= 
yee mosrer 


(c) Fama of output characteris or he icon 
En6H NchonelSpition MOSFET 


na manner simile to the N-Channel junction FET whens 
voltage of the correct polarity is applied to the channel 5 
in Figure 78. 


Outpot characteristics ofan N-Channel MOSFET are shown, 
in Figue 7C. Because thete is no junction involved, Vo, 
canbe reversed without engendering agate current; the gate 
may be made either positive or negative with respect tothe 
source. Under these circumstances, sil more fre elections 
willbe attracted to the channel region, and Ip wll become 
eater than Ipgs. This mode of operation i tepreented by 
the higher members of the family of ourput characteristics, 
Because the application of a negative gate voltage causes the 
channel to be depleted of eee electrons ~ thus educing Ip — 
the device ust described i called adepevion mode MOSFET. 


‘The foregoing has established that the depletion mode 
MOSFET isa “normally-ON" device: when Vgi 

ducting path exist between source and dain. In many ct 
‘cuits “normlly.OFF” device would be useful, a condition 
‘which lads to the concept ofan enhancement mode MOS- 
FET. Inthe latter device, an increasing voltage applied tothe 
fate will enhance channel conduetion, and depletion will 
ever occur ip being er0 when Vgg = 0. 
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‘A PChannel enhancementmode MOSFET is shown in Fig: 
le 8. Here, an acceptor impurity ha been diffused into an 
[Naype substrate to form Paype soure and drsin regions. 
No conducting channel exists between the source and the 
dain, because no matter how the dain-source voltage 
applied on ofthe PN junctions wail abwaysbe revere bised, 
(On the other hand, if negative voltage is applied tothe 
sat, a field willbe setup in sucha direction ast atract, 
holes into the upper layer of the substrate and produce 8 
Prype channel. A fanny of output characteristics for 
typical MOSFET is shown in Figure 8C. The idealized 
crosssection illustrated in Figute 8A may be used to show 
how the characteristics of Figure 8C come about. Refer 
to Figure 9 for an extension ofthis phenomenon, 


1a constant (negative) gate voluge, (Va) app, 
then an exentallyuniorm P-Channel dspiton lye wil 
te induced, asin Figure 9A. Ifa negate dain vole is 
applied, then current, Ip, wil flow though the dain. AS 
IWpsh increas, Ip aso increases, Hower, the voltage 
between the dain and the gate decreases, so that he thik 
ses ofthe channel atthe dain end is redued as in Figure 
98. Tetefore, the elaonship of Ip vers Vg wl een 


(A) Idesiaed crousction trout P-channel escent 


(01 cheat arrangement for P-channel esancemen MOSFET 


(©) Family of cuput carci 
mone MOSFET 


Fore 


‘wally each a limiting value when Vpg = Vgs, and the 
channel become pinched off, This conditions shown in 
Figure 90. 


Different values of Veg iv se to limiting values of ipso 
that the characteristic family of output curves which was 
shown in Figute 8 i telied. Characteristics of depletion 
rode MOSFETs also come about for the same reason, 
except that members of the output characteristics family 
also exist for Vas values of zer0 or reversed polarity. The 
PChannel enhancementsmode MOSFET is currently the 
‘most popular member ofthe FET family in current use, and| 
‘sin fact the base element in many LSI integrated circuits, 


In principe it is possible to manufacture the remaining two. 
members of the MOSFET family, the P-Channel depletion- 
mode and the N-Channel enhancementinode devices. Be- 
‘aust of the spontaneous formation of an N-Channel at a 
sllicon/slicondioxide interface, the fabrication processes 
Involed become quite difcut on a volume production 
bass. Much work has gone into the development of practical 
MOSFET process for these devices, and N-Channel deple- 
tion-mode types are now becoming generally avallable, 
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FET Characteristics 

‘The FET enjoys certain inherent advantages over bipolt 
tWansstors because of the unique construction and method 
‘of operation of the feldeffect deve, These characteristics 
Include: 


© Lownie 
'© No thermal runaway 


© Low distortion and negligible intermodulation 
Products 


‘© High input impedance at low frequencies 
1 Very high dynamic range (> 100 4B) 
© Zero temperature coefficient Q point 


' Junction capacitance independent of devise current 


The transfer function of a FET approximates to a squste- 
Jaw response, and the second and higher-order deivatives of 
fy 316 near Zero; thus song second and neggbl higher- 
fofder harmonics are produced, Intermodulation products 
ae extremely low. 


‘The input impedance of a FET is simpy the impedance of 2 
revetse-based PN junction, which i onthe order of 1010 to 
1012 9. In practice, the input impedance i limited by the 
valve of the shunt gate resistor used in a sel-bias common: 
souree circuit configuration. AU RE frequencies, the input 
impedance drop is proportional to the squate ofthe fe- 
‘quency; for example, in a2N4416 FET, the input impedance 
‘would be 22K £2 at 100 MHz. Also, the input susceptance 
‘increases linearly with frequency, since i isa simple par- 
sie capacitance 


‘The FET has very high dynamic range, in exces of 100 4B. 
‘Thus it can amplify very small signals because it produces 
‘ery Uitle noise, ori an amply very Ire signals because 
it has nelipbe intermodulation distortion products It also 
hha a 2er0 temperature coefficient bas point (zero TC pont) 
at which changes in temperature donot change the quiescent 
‘operating point. 


Junction FET capacitances ae more constant over wide cur- 
ent variation than ate the same parameters in a bipolar 
‘device. Ths inherent stability allows high-frequency (VHF 
through L-band) oscillators to be built which ae far more 
stable than oscillators using lowfeequency crystals and 
‘multiplier stages. 


FET Terminology and Parameters 
‘Any introduction to the nature, bekawor, and applications 
of fildefect transistors requites that cetain questions be 
answered on FET electrical quantities and parameters ~ in 
particular, the most important parameters, and the means 
by which they can be measured. The following discusion 
will define specific FET parameters and theit asocated 
subscript notations, and present basic test circuits and 


results, 


Major parameters include: 


Ings ~ Drain cutent with the gate shorted to the 


© Vos(orn ~ Catesoure euof voltage 
‘© loss — Oateso-soure eutent with the drain shortd| 
10 the source 


1 BVGss — Gatetosoure breakdown voltage with the 
dra shorted to the source 


45 Common-source forward transconductance 
1 Cg Gatesource capacitance 
1 Cga ~ Gate-drain capacitance 


‘Special attention should be gven to the subscript “”be-| 
‘cause it has two different meanings and thee possible uses. 
In FET notations, an "5" for the fist or second subscript 
identifies the source terminal as 3 node point for voltage 
reference or curtent flow. However, when wing tiple sub 
sétipt notation, an" for the ted subscript doesnot reer 
tothe FET source terminal Its an abbreviation for “short 
a, and signifies that all terminals not designated by the 
first two subscnpts must be ted together and shored to the 
‘common terminal, which is alvays the second subscript. 
‘Therefore, the term lass tefers tothe gate-source curent 
wth the drain ied to the soure, 


Because of the typical low input and output admittance of| 
the FET, fourpole admittance equations are commonly wed 
to describe electra characteristics of the FET: 


heYun Vane Yor Vox o) 


When Vy, You. Yya and Yg3 are defined as the input, 
reverse transfer, forward transconductance, and output 
admitanors respectively, Equation 1 reduces to 


Mt Ye Yon 
@ 
TYE FY 


For a thice-ead FET, 11 usually corresponds to the gate. 
source terminal and 22 corresponds to the deuinsouree 
terminal (i.e. the device is connected inthe common souree 
mode). Thus 


W=¥is Vest Yes Mos 
oe @ 
o*¥ts Yast Yos Yas 


Here, the second subscript forthe y parameters designates 
the source lead asthe common or ground terminal 
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Ipss~ Drain Curent at Zero Gate Voltage (Ip at Vgs = 0) 
By itself, Ipgg metely refers to the dian curent that will 
‘ow forany applied Vp with he gate shorted tothe sours 
However, when a particular vale for Vp i ven, gual to 


“eLNV 


i] 
1 
1 
1 
L 


Ferchoniat Vos “0 


Ves(ott ~ Gate-Source Cutoff Voltage 
The resistance ofa semiconductor channel i elated to its 
physical dimensions by R= pL/A, where 


p= resistiviy 
[Length ofthe channet 
[A=WxT = crosssectional area of channel 


In the usual FET structure, L and W ate fixed by device 
seometey, while channel thikness Ts the distance between 
the depletion layers. The postion ofthe depletion layer ean 
be varied either by the gatesoure bias voltage or by the 
rain-source voltage, When Ts edced to zero by any eom- 
bination of Vs and Vps, the depletion lyers from the 
‘opposite sides come in contact and the a or incremental 
channel restanee, rpg, approaches infinity. Aseather noted, 
{is condition steered to as “pinch-off” or “cutoff” be- 
cause the channel curent hasbeen reduced to very thin 
Sheet, and current will no longer be conducted. Further 
sneteases in Vp (up fo the unetion eversebis breakdown) 
will cause litle change in Ip. Accordingly, the pinch-off 
fetion is ako refered to as the pentode or “eonstant-cur- 
reat” region. 


In Figue 10, pinch-off oceus with Vgg = 0.1 Figure 11 
Vos controls the magnitude of the saturated Ip, wath in 
eats in Vg resulting in lower values of constant Ip, and 
taller values of Vg necessary to reach the "knee" ofthe 
‘eure. The curtent scale in Figure 11 has been normalized to 
a specific vale of Ipss. 


or pester than Vp (a Fg 10, Ipse nds the dan = 
‘stration coment at zeo ate vohag, Some FET dat i 
sheets bel Ings fr Vp eter than Vp 8 on) | | 
| 
= 
= 1 vo-oumme vat 
: \ Ferigmvo wow cnc 
lf! | ae 
Ht | The knee of the cave important to the cl desener 
Gf i because he must kiow what minimum Vpg is needed to} 
ae es 


bis voltage is aplid tothe gate, st will pinch off the chan 
fel 10 that no dean current can Now; Vpg has no effect 
Until breakdown occurs. The speific amount of Vos that 
produces pinch-off isknown asthe ate source cutoff voltage 


Yostotty 


Vs(ott) Test Procedure 
Although the magnitude of Vso) ixequsl tothe pinch 
‘off voltage, Vp, defined by the pracy off knee in Figure 10, 
rapid curvature ja the area makes it difficult to define any 
precise point at Vp. Taking a second derivative of Vps/lp, 
‘would yeld a peak coresponding othe inflection point at 
the knee, which approximates Vp. However, this Is not a 
simple meaucement for production quantities of devices. A 
better measute 1s to approach the cutoff point of the ly 
‘versus Vg characterise, Thsiscasier than tying to spect 
the location of the knee of the Ip versus Vg output 
characteristic. 


‘A typical transfer characteristic Ip versus Vgg is shown in 
Figure 12, The curve can be closely approximated by 


oy 


Charette 
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Siliconix 


Equation 4 and Figure 12 indicate that at Vs = Ves(otty 
Ip = 0. In a practical device, this cannot be true because Of 
leakage currents. If pis reduced to less than 1 perent of 
Ipsgs Veg will be within 10 percent ofthe Vgs(ott Yale 
indieated by Equation 4, If Ip i ceduced 1001 percent of 
pss, the indicated Vgg op ero" will be reduced to about 
3 percent. For a tue indiaton of Vso). and a realistic 
plctue of the parameters of Figure 12, cate must be taken 
that leakage curentsdo no esultinan ezrin the Vgs(oft) 
teading. Typical, at room temperature, I percent of Iss 
{s sul well above eakage currents but i low enough to ie 
a fairly accurate value of Veco. 


el aero name eer 


Cet amigas 


ype Pie Vote Svatction 


Another method which provides an indict indication of, 
the maximum value of Vgs(oqn 8 shown in Table IL. The 
characteristic specified 8 fpcotty whereas the parameter of 
{interest is Ves = 8 volts. The specification does say thatthe 
maximum Vog(oft # apptoximately 8 volts, but no pro- 
tision is made for stating 3 minimum Veg¢ oq. 3 Was done 
in Table I. Therefore, another test must” be made if 
Vestott min) # 10 be specified. 


Iggs ~ Gate Source Cutoff Curent 


‘The input gate of a Channel FET appeass a a simple PN 
junetion; thus the input de input characters is analogous 
toadiode Vi cure, ss shown in Figure 14. 


chan! FET toput 


tn the normal operating mode, with Vg positive for a P- 
Channel device, the gate I eveneed to a woage be 
tween zeo and Veo This ests na de atesource 
resstance which & pclly more than 100M 2. The gate 
urtent 1 both wllage- and temperaturesenstie. Figure 
15 shows thi elaoniip fr Ig versus temperature nd 
Yes 


IF the gate-source junction becomes forward-biaid,(nega- 
tive voltage in a PChannel device) or f Vgs exceeds the 
revers-bas breakdown for the junction, the input resistance 
wl then become very low, 


‘The FET is normally operated with a sight reverse bis 
applied to the gatesouree, hence a good measure of the de 
input characteristic is to check the gate current ata value 
fof gatechannel voltage that is below the junction break 
down rating. In device evaluation, there ae thre common 
measurements of gate curent: Igo, Igoe and the com 
bined measurement Lgg. These measurement eeu ae 
shown in Figure 16. 
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[The question is, should Igpo and lego be measured 
separately. or will one measurement of Yggs suis? One 

hing is certain: Lego + Igpo > loss. Seuss the dein 
and the source are not completely Wolated, They ate, in 
fact, electrically connected via channel resistance. For most 
FETs, if Vg i greater than Vg, ote diference between 
Clcso * Keo) and Iss # small therefor, the measure- 
ment of Iggy 8 3teabstie means of contains both gpg 
and Igso- 


Ina eceut, Vop may be biased between ze and BV gps, 
wale Ves wil be berneen zero and Vasco: theretore, 
Ig is not necessarily the same as os 


BVGs-— Gate Source Brakdown Voltage 
FET input terminalshave been previously described as having 
NP of PN junctions, depending onthe channel material. AS 
such, the junction breakdown voltage is a necesiry 
parameter. 


‘A seful equivalent cteit fora FET s the distributed con 
ant network shown in Figure 17, fora P-Channel FET. I 
an NChannel device is being evaluated, the diodes would be 
reversed, In most applications, the gatedrain voltage is 
eater than the gatesource voltage, thus the gatedran 
breakdown ratings most important. However, i ialso pos 


The Common Mesuremant of Gate Curent 
‘oor Te 


Examples of Sot Knee and Sharp Kove reskdown 
Fre 


sible 10 consider the gatesoutee junction breakdown and 
the apparent drainsoures breakdown (Le., in Figure 17, 
when a high negative voltage i applied from drain to source, 
(CR, will break down while CR, becomes forward-blased) 
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Some device manufacturers ws a BVgpo rating, which 
means they are only checking diode CR}. A better method 
{2 0 use @ BVGsg fting (gatesouree breakdown wth the 
‘rain shorted the source), Because 1 checks both CR, 
land CR. in addition to exposing the weakest breakdown 
pathalong the entice gate-channel junction. The BV ggg test 
Also allows the user toanterchange source and drain ead con- 
‘nections without worry about device breakdown ratings. 


Adnattedly, a BVgsg test will reject some units whi 
‘might pas a BVgpg test the number rejected, however, 
‘wll be insignificant compared to the advantage of providing 
symmetrical operation 


Test Procedures fr BV Gs 
Junctions may break down softy or sharply; junctions with 
oft knee breakdown are undesiable, Without examining 
tach individual unit on a curve tracer, devices with a soft 
knee may be eliminated by’ selecting alow current level for 
breakdown measurement (Se Figure 18). 
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4 ~ Transconductance 
Transconductance, gy, is 2 measure of the effect of gate 


voltage upon drain eutrent: 
tp 
8s" agg + VS= constant ) 
The intereltion of gf to the parameter: Ipgs and 
Ves(opr) should be noted. Equations 4, 6 and Pdesribe 


the value of Ip and gy in a FET for any valve of Vos, 
between zero and VOS(OFF)- 


Vos 


@ 


Where gpg isthe value of fy at Vg = Oand Ipsg is the 
valve of fp at Vgg = 0. With these equations, the value of 
can be calzulsted with a fai degre of accuracy (20 per 
ent) Ings and Ves¢ott ate known 


Figure 19 shows normalized curves fr Ip and gy a fune- 
tions of Vg in a PChannel FET. These curves were ob- 
tained from aetual measurements on typical diffused chan 
nel FETS, such a the 2N2606, The curves agree very well 
with Equations 4 and 6 until Vgs(opr is approached. For 
these cures, Vest was assumed to be the valve of Veg 
where Iplipss = 0.001 


Normalized Cure fo oan 


Ties oS 


‘The drain current of s FET operating inthe ioe (bslow 
pinch-off) repion can be accurately predicted by using Equa 
ton 8, where 


i 


. 
iotense) ® 


‘Specifications fo gate showa in Tables Ill and 1V. Note 
that there i a difference in the test conditions specified for 
the N Channel 2N3823 and theP.Channel 2N3329. The gate 
voltage forthe 2N3823 is established at zero. This means 
that gy s measured at Ip = Ipsg, asin Table IL. 


‘eS common 3500] 6500 |e 


hci ox] une 


jown in Table IV specify a certain 
value for Ip (-1 mA for the 2N3329). This means that for 
cach unit tsted, VGg is adjusted until Ip equals the spec- 
fed value. The cotditions specified in Table It simplify 
testing ofthe gy parameter by eliminating the necessity of 
adjusting Vgg. Fgutes 20 and 21 show typical test setups 
for the two methods. 


ym Lp 


‘ex Crt for 4 wi Ip Specie 
Fiat's 
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Junction FET Capacitances 


‘Associated with the junction between the gate and the chan- 
fel of a FET is a capacitance whote valve and geomettic 
Aistibuion are functions of the applied voltages Vg and 
Vs. Because of the complexity of dealing with sich 3 
Aistibuted capacitance, asimpiiation is made $0 that two 
lumped capacitances, Cgg and Cy, ext between the gt 
and the source and dain, respectively. (A much smaller 
capacitance, Cys, also exsts between the deain and the 
source, stemming mainly from the device package; this 
header capacitance is small enough so that it canbe ignored 
for most purposes) 


Data sheets quote Cys and Cyg (or other capacitances from 
which they may be derwed) for specified operating cond 
tions. Occasionally, graphs are included which show the 
Variations of Cys and Cyy 25 the result of changing condi 
tions of Vps, We and temperature, If these data ae not 
presented an estimate of interelectrode capacitance values 
may be made by assuming that these values vary inversely 
‘with the square root ofthe bias voltage, The temperature 
‘variations wil be very small, because they depend on the 
2:2 mV/°C change in junction potential diference. 


Assuming thatthe FET is properly biased that, thatthe 
‘&e conditions are met by the external etcity ~ itis por 
sible to construct an incremental equivalent circuit from 
which the small-signal or 2. performance may be predicted 
Such an equivalent circuit is shown in Figure 22, 


a 


Inemmantal Eauialet Cire for the Junction FET 
Poor 22 


‘The equivalent capacitance from the gate tothe s00rce.Cys, 
{s shunted by a very large mput resistance, fg, with both of 
these parameters being charactensic of 3 reversebiased 
junction, Similarly the equivalent capacitance (com the gate 
to the dain ie shunted by the very lage resistance fq (For 
most purposes, rgs and fqq may be neglected, and the gate 
impedance of the FET tteated as pure capacitance) At the 
drain side of the equivalent circuit the small capacttnoe 
(gg which stems from the header material shunted by 
the incremental channel resistance, rg This resistance is 
capable of wide variations, depending on bias conditions. 
Slice the equivalent circuit fundamentally relevant to the 
plachoff or saturated condition, rg willbe onthe order of 
smegohms 


‘The incremental channel cureent i given by the transcon- 
ductanee, gf mulipied by the incremental gate voltage. 
For the sal signa, vg, this is manifested in the equivalent 
circuit by the eurent generator gy¥y- Notice thatthe con- 
‘entional dtection of flow of ths eurreat is such that iy 
flows into the FET, in a “positive” dlrction 


Many circuits can be designed around the equivalent circuit 
for the junction FET. The actual values of fy adn fs can 
‘be meatured at previously mentioned: there temains only 
the requizement to establish the methods of determining 
Cys and Cp. 


Fist, assume thatthe FET isin operation and that thedain 
Is connected to the source via a large capacitor, ke, the 
drain and source are short-circuited wo a Under these cir~ 
cumstances, a capacitance measurement between the gate 
and the source wil ie 


Cess(or Css) = Cyst Cys o 


Second, assume that the gate and source ae sh 
to ac ina similar manner, A capacitance measurement be 
tween the drain and the source will now give 


Cass(0r Coss) =Cgd (0) 
‘Te alterative symbols Cs and Cons spy to mea 
surements made a the inp (ate) snd the output ran) 
respectively. An alternative symbol foe Cy Cras whch 
teers to the "even" eapactanc. 


In datasheets, ii customary to state Cis) Cpss and 
Cass (© Coss) Css i often sven in place of Coss Because 
Cas Cogs, which is usally the case, then Cras Coss 


Equations (9 and (10) canbe wedi those instances where 
itis necesary to extract sand C280 

pe" Cis -C pd "Cis Cos ay 
and 

Cpa=Cus (2) 


Remember that all capacitance measurements should be 
made a the sme bias eves since the eapactances are func 
tions of applied voltages. To indicat the order ofthe capa 
citances (0 be found ina junction FET. consider te values 
faven in the data sheet for the Siliconix E202 N-channel 
FET. They ae gven 35 


Css (at Vs 20V and f= 1 M2) = 5 pF max. 
and 

rss (at Vps = 20 Vand F= 1 Mllz)= 2 pF max, 
Hence, ata diain-source volage of 20 and a fequency of 
1 MH, Cys ‘PF maximum, Eventhough the FET 


&s physically symmetrical, biss conditions have forced the 
capacitances to be unequal 
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Audio-Frequency Noise Characteristics 


INTRODUCTION 
The purpose of this application note is to identify and 
characterize audio fequency noise in junction field-effect 
transistors. Emphasis is placed on basic device chaacter- 
istics rather than on end applications, since itis impor- 
tant for the circuit designer to know the salient noise 
beshavior of the FET, and how those characteristics may be 
specified by production-oiented test parameters 


Defining FET Noie Figure 
For analysis, iti convenient to represent noise in a FET 
by assuming that an ideal noise free device ha two external 
noise sources, ey and iy. These noise sources ate chosen 
to have the same output as would an actual noisy FET. An 
‘equiralent circuits shown in Figure 1 


? 
zea 
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eprom an a FE 


A noise factor (F) is a Figure of Merit of a device with 
respect to the resistance ofa generator. To calculate a noise 


APPLICATION NOTE 


of Junction FETs 


factor, a source resistor RG, with a thermal nose voltage 
ef, is added to the circu, 


‘Anois factor (F) may be defined as 


‘Total available output noise power 
‘Noise power at output due to thermal none of Rg 


Noise power output due to Re; + noite power out 
put due to FET 
‘Noise power output due To Rg 


Fe 

roy + St X noise power of FET refered to input 
Gain Xnoise powerduewo Rg 
Noise power of FET refered to input 

poy a Noise power of FET refered 6 inn 


‘Nowe power due to Rg, 


‘The thermal noise voltage aross Rg it 


p= VERTRGB 0) 


180 x 103 Joules/*K (Boltzmann's Constant), 
T= tomper and B = bandwidth in He, Therefore 
noise power due 10 RG i 


re) 


A 
i 
i 
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‘The noise power ofthe FET referred to the input is 


2 


Rg tin? Ra 8) 


‘When expressions for the noise power ofboth the FET and 
Rg are substituted, the noise factor becomes 


2 
SETRGD ® 
= 


Foie 


‘A noise igure (NF) expressed In 4B indicates the presence 
‘of added noise power from the FET or another active 
device. The noise figure is always gven with reference toa 
standard, specifically the generator resistance Rg; 


NF= 1010830 (F) 6 


‘The noise figure of the FET is 


When junction FET noise isexpressed in terms ofthe nis 
figure (NP), an inherent disadvantage ares in thatthe 
oie figure value i dependent upon the value of the gen- 
erator resistance, Rg, Therefore, the Ey iy medhod re 
tains ab the best way to quariavely express the noe 
haracertis of the PET ie 


Describing Junction FET Noise Characteristics 
Junction FET Gy and iy characteristics ae frequency 
“dependent within the audio noise spectum, and take 2 form 
as shown in Figure 2. 


! cilia 


hacen Sutin FET Hobe 
ore 
‘yy. the equivalent short circuit input noe voltage (with 


the exieption ofthe 1/f region) is defined as) 


ye VETERE o 


where Ry = 0.67), the equivalent 
resistance for noise. The ey, except in the 1/f% region, 
closely approximates the equivalent thermal nose voltage 
ofthe channel resistance 


tn the socalled 1/1 repon, ys expreed as 
Sy = VERRQRT STITH cy 


where n varies between 1 and? 
andis device nd lovoriented. 


‘The characteristic bulge in By in the 1/£% region has been 
‘observed to Some extent in ll junction FETs submited to 
test. The breakpoint or commer frequency shown 3b fy in 
Figure 2 is lot and device desgn-onented, and vais from 
about 100 He to 1 KH, 


As indicated in Equation (7) and (8) By i inversely pro- 
portional 1 the square oot ofthe tanconductance ofthe 
FET (ey & th/ap). ey can be lowered by a factor of| 
JN iON devices with matched elects characteris 
sre connected paral. For exanple, when 


N=2 o 
ket 

eu = EN? (10) 
snd let 

Brat = B62 i) 
Thus, 

eGSTOTAL = 2 Big oF 2 2 «2 


From Equation (7) 


Eun = VITOR a3 
and 

EQTOTAL = VERTORTG IB «as 
Thus, 

= 1s 

ENTOTAL = V5 Fu as) 


A second way 1 achive low yi 10 we a device with 
lange gate area. Empl, ey fs nvenety proportional to 
the square of the gate area (ey & 1/AG2), independent of 
fy. This age ete atea philosophy has been fllowed in the 


‘sign of the Siliconix 2NG867A FET, and nose pelo: 
mance ofthe device dscused ner in thi Appliation 
Note. A major adranage ofthis type of design is that ys 
significantly lowered and iy bo remains ta fow valu. 


‘The equivalent open-<tcut input noe curent wath the 
exception of the shot noise tepion shown in Figur 2 is dve 
to thermally-generated revere cutent in the gate channel 
junction. Is defined as 


Wevalgd cy) 


where q= 1.602 1019 
<ovlomb (the magnitude of the electron chats, 1g i the 
teasured DC operating gate curent in amperes, and B is 
bandwidth in Hz. The expression i sccurate only when the 
measured gale current isthe result of bulk device conduc: 
tance, It posible for the measured gate current 10 be due 
to condvetance stemming from contamination across the 
leads of the semiconductor package 


[At higher fequencies, as inthe shot noise region shown in 
Figure 2, Ty can be approximated as being equal 10 the 
Nyquist ther al moise current generated by 2 resistor 


iy: /SB co) 


where Ry i the real pat of the 
satetosource input immpedanes. The breakpoint or comer 
frequency f in Figute 2s lot and device designoriented 
and can vary from 5 KHZ to SO kl 


Another form of nose found injunction FETS is known 2s 
“popcorn or bust aos the term popcom noise was orig 
nated in the hearing aid industry because of noise or level 
fhifts which ae present in input stages, and which resemble 
the sound of eoen popping. 


Popcom noise isa form of random butt input noise cur 
rent which remaine atthe ame amplitude, and which is con: 
fined to Frequencies of 10 He of lower The suitability ofa 
FET device is dependent on the amplitude ofthe bursts 
duration, and its repetition rate. The ongns of popcom 
noise ate not completly identified, but are belived to be 
caused by intermittent contact in aluminumesilicon inte. 
faces and by contamination inthe oxidation processes. 


A test eitcuit to measure popcorn noise in differential 
jonction FET amplifiers is shown in Figure 3. In practice, 
popcom noise is evaluated on an engineering bass, and not 
‘on a productiontine bass, No correlation between 1/1 
noise at 10 He and popcorn noke has yet been found in 
junetion FETS. However, if the amplitude of the burst is 
layge and occurs frequently, then 1/€ noise voltage (€y) 
{masked and dficalt to evaluate at 10 
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Tes Gretta Popcorn Noe 


‘The graph in Figue 4 shows “moderate™ burst noise ob- 
served in a group of junction FET diferetil amplifiers 
which were measured inthe test cous 


Peper No in Dita Amps 


‘Operating Point Considerations 
Unlike bipolar transistors, where Gy and Ty characteristics 
‘ay directly with change in collector curent (le, si 
Characteristics injunction FETs will vary only Slightly as 
Sain eurent (Ip) is varied, Tiss true so ong asthe FET 
isbiased so thatthe dtain-soure voltage is greatee than the 
pinch voltage (Nps > Np or Vern) 


‘The Gy injunction FETs wil be lowest when the devices 
are operated at Vos = 0 (Ip * Iss). where transconduc- 
tance (gj) iat Hs highest value, This wil be true only if 
device dtsipation is maintained very low in elation to the 
total dasipation capability ofthe FET. 
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The cures in Figure $ illustrate changes in yy a the oper 
ating drain current (Ip) is varied. Note that the lowest 8y 
did not occur at Veg = 0, because of high power disipa: 
tion and a resultant rise in junction temperature at the 
operating point. 


“iv Chanps Ip Veriton 
nor 


‘The optimum (lowest) jy in depletion mode junction FETS 
should occur at Vos = 0 (Ip = Ipsq)- In practice, very 
little change will besten in iy when the operating point is 
‘changed, provided that the drain ate voltage is maintained 
below the gate current (Ig) breakpoint and power disipa- 
lion is kept ata low level The curves in Figure 6 illustrate 
Jy characteristics as 2 function of draingate voltage at 
points below, on, and above the I breakpoint voltage. 


In circuit design, patie attention must be paid to dain 
fate volte (Vpg) t© minimize gate curten (Ig) under 
operating conditions. The crite! draingatevoliage (lg 
breakpoint voltage) can be anywhere from 8 to 40 V, 
depending on device dein. Gate operating eutent (Ig) 
should not be considered equal to gate reverse current 
(ggg) in inear amplifier applizations. Logi only an ind 
ation of reversebiased junetion leakage ender nonape. 
ating conditions. The Curves in Figures 7 and 8 show how 
ig. teakpoint is relted to baie device design. Deve 
sigs wih a high gu tl have Tow breakpoint vot 
aes, typically at Vg = 10 V, whereas high w devies 
JG: rag” 67). ave moc higher Ig breakpoints, typically 
Vo" 2030. 


‘ate Operating Curent Oran Gate Vo 
om? 


cot 


at caer Drie Voie 


Characteristics of y andy at Low Temperstore 
‘Tee equations presented earlier ( (7), (16) and (17) ) 
show that ey and iy ae temperature dependent. ey andi 
are proportional 10 VF, and both wil be rediced if the 
temperature i lowered. In Equation (16), iy i propor 
tonal tog ig wil halve for ech temperature drop of 
10 0 11°C. Gy also proportional to VR, where Ry = 
0.67 Thus when gy 6 increased, whichis typi of 
junction FETs operating. at low temperature, ty wil 
also lowe. 


In Figure 8, gj has been plotted vs temperature for 
con junction FET, and the low temperature limitation 
caused by a dropo in gy is ceatly shown, 
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In connection with the plot of gg ¥# temperature, note 
thatthe relationship can vary from approximately 0.2% 10 
1b per degree C. The a4 slope depends upon the basic de 
1p of the FET, and upon the proximity ofthe dain cut: 
‘ent operating point to pg, the zero temperature cost 
cent point. 


‘The major application for junction FETs at low tempers 
‘urefsin charge sensitive amplifiers) For best performance 
{inthis type of application, a high gyn a0 required, 
Recommended Siiconix FET types for such applies 
tions are the 2N4416 (NH geometry) and the U3IT 
(NZA geomety). 


Test Measurements 


By definition, Ey and Ty ate refered tothe input of the 
evie under test To measure By, the est circuit shown in 
Figure 10 il prove weft. 


et Ce to Many 
‘The following procedue should be used 19 make the 
ay test 


Set tunable filter to required figy, and Fyne Ae 


{ust oscllator to mean center frequency (mean * 
how thigh 9). 

2. Set Voge 40 100 mV with Switeh 1 in position @) 

SV. 


Compute Vin, = 101 x 10% 0 nv. 


% 
3. Measure Voutt- Compute overall gain b Ay = “ths 
r ce ore 


% 
1 


iow 
4. Set Switch 1 10 poston @and mesure Vous 
Compute Vga, the equivalent shortcut input 


noise voltage (Gy), using Ay ftom Step 3. Ving 


< 


ay vl oe anh oy 


‘An alternate method of performing the above testis 0 use 
4 Quan-Tech Transistor Noise Analyzer consisting of a 
Model 2173 Control Unit and a Model 2181 Filter. The 
analyzer has provision for measuring ey and determining 
INE with various valves of Rg, in FET and bipolar devices 
with selectable test conditions. The measuring system has a 
constant gain of 10,000, The analyze records output noise 
st selected frequencies between 10 Hz and 100 kHz in the 
evice under test, withthe sale shown asthe actual output 
‘ivded by 10,000. This then the output nods refered 19 
the input, The equivalent bandwidth for testing is 1 Nz 


‘There ae certain instances where the test citcult oF the 
‘Transistor Noise Analyzer are not adequate to measure 6y 
at certain frequencies over certain bandwidths inthe 1/f 
region. The tms noise over a bandwidth from iow 10 fhigh 
where there is @ H/F chatateristic over the enti range, 
can be computed as 


x= [vison sunt (i! as 


igwe 1 presents this equation eraphically. For exam 
‘ty known = 70. 10? Vi at 10 He. How much noise 
in the band from 45 to 58 Ha? The nose has I/fl chara 
teristic over the entre range. Ths 


e+ [105] fosn($9)] "va 
Sy 9168 109 VEE asst os] 


4975 He i te mean center Fequeney whet Fnean *| 
ow igh)! 


omen isin 


oa 
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Tyy measurements are dificult fo implement at best. At fe- 
quencies below fp in Figure 2, jy is assumed to hae acon 
stant level or “white” noe characteristic which may be 
cortelated to gate current, Ig. From Equation (16) Ig ie 
‘established as the measured” bulk gate curent. Becsise 
‘measured gate current (Ig) ithe result ofall conductances 
atthe gate, the resultant gate curent and the computed 

‘due to bulk material canbe assumed tobe this vale or les. 


‘The total equivalent input noise ofthe FET can be approxi: 
mated by 


B24 TNP Ty? Rg? en 


where 2s he thermal nose of 
the generator resatance Rg and fi? i the toll noe 
referred tothe input. Ths approximation assumes thatthe 
equivalent noise vollge andthe current generators vary 
independent, Equation (21) implies that iy? canbe cal 
culated ifey?, 2 and total nose fy? ae known. The 
fitficulty here that in MOS or junction FETs, the Ra, 
ust be very lage to detect the antcpated small value of 
Ty. However, when R; is very large ey? is much pester 
than jy? * Rg?. For example, over a1 Hz bandwidth at 
254C,1F Rg sequal to 100M, then 


a2 By2? 
qe en 


When 210 pF mia capacitor was used in the evaluation 
circult (up to frequency of 100 Hz) contltion of from 
30 10 90% was obtained when compared to iy? computed 
from measured gate cotetresdigs. 


[At Frequencies abote 100 He direct computation of iy via 
‘he capacitor method becomes unwieldy because of the 
rapid decrease in capacitor reactance at these frequencies 


{In cauatng Ty at higher frequencies, a alternate method 
is to measure (Rp) the real patt ofthe gatesoure impe- 
dance of the FEF. When Ris measured a various fe- 
quencies, the equivalent shortcicut input noe cutent 
Gy) can be computed as a function of frequency (See 
Equation (17) ). A convenient instrument to measure Ry i 
the HewlettPackard Type 250A Rx meter or equivalent 
The Type 250A Rx meter can measure Ry accurately up to 
200K ohms. As is shown in Figure 12, his ertablahes the 
low frequency limit of 20 Mit for Wy computed via dtet 
measurement of Rp for the Siliconix FET Type 2N6117A. 


‘The following are representative By, iy cures for Siliconix J-FET products. OF particular 
which by is design govern the base noe characteristics of product types desved (fom it 


vvLNV 


ra 
ab ed 

f : 
Hig i 

oar 

a 


For frequencies between 100 He and 20 MHz, iy must be ‘C= 
A ‘extrapolated, as is shown in Figures 12 and 13. For FET. > é ER 
Ey? = AKTRg = 4 x 1.38 x 1073 x 295 x 10? x 108= types with lower Rp (such a the Siliconix 2N4393) y ean € : 
be computed down 102 Mila, and hence extrapolated i i 
1.63 x 102 ViVi, (22) between 100 He and 100 kia more accurate. i H 
H H 
Anticipated Ty is i H 
y= 1015 Amperesh/fiE 23) ¥ 
and i 
i 
Jn? = 107° Amperesh/FE. ea 4 
ai NS bn rd 
ee, 4 ee >, eee], 
' ee te Geeigree | 
Ty? Rg?= 1030+ 1016 = 10! viv, es) 2 lh fo a ! i i 
i”E ii i 
i if if 
“Thee, Ty2 Rg? it much es than which renders i+ faa Hi 5 
this method of fading fy impracisl for mot common ; ee BG 3 
MOS FETS ot junction FETs. Ee 
‘An improved method of measuring Ty? is to substitute a penny oe) 
Towlom mia capacitor for esistor Rg. The mia capacitor 
by definition doesnot have equivalent thermal noe vollge, 
ad thus Equation (21) becomes, 


qi? EN? H IN? Xe? 26) FET Wom chacasby Geomaty 


‘one 


exraplaady we Frauaney 
(where X= capacitive reactance) ne 


o 
9 
FS 
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CONCLUSION 


Contemporary junction FETs hae nose voltages @y) equal 
to those found in low-noise bypolar transistors. Each type 
of device has a different operating mechanism: the FET is 
voltag-actuated, while the bipolar transistor is carent 
sctuated, Hence, FETS have an inherently lower noise cut 
rent (iy) and ate prefered over bipolar devices in most 
audio-requency applications where lownoise performance 
Isa design requirement, 


When bias poins are property selected, as described inthis 
Application Note, the excelent low-noise characteristics of 
high gy junction FETs canbe realized 


The curves shown in Figure 14 are representative of y and 
iy performance of Siiconix junction FETs. OF particular 
Importance in these curves isthe proces geometry by which 
the basic design of the FET gotems the noise charcteris- 
ties of product types derived from it, Readers at invited 
to refer to the Siliconix FET catalog for fll gsometey per 
formance data, and for specific part numbers seriming 
from the generic process geometries, 


In the measurement section of this Application Note, it 
was shown that dirt eyy measurements ean readily be 
‘made. jy can be guaranteed at frequencies below 100 He by 
measuring the DC operating gate current (Ig). When Ig i 


known, Ty can be extrapolated from frequencies below 
100 Hz 10 predict noise performance at frequencies 10 
100 kt. 
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INTRODUCTION 


The fekbeffect transistor lends itself well o video amplifier 
applications. Gain bandwidth products inexcess of 250 MHz 
ray be easly achieved using simple one oF two transistor 
tireits DC input resistances in the tens of megohims ange 
ray also be easly achieved while input capacitances may be 
significantly reduced to less than 1 pF by wellknown circuit 
techniques. Video amplifiers have applications in communi 
cations and pulse amplifying eicuits and normally operate 
up to 100 Ml 


Behavior of FET Input Resistance 
‘Aprime FET parameter, input impedance, has ale effect, 
in determining the Fequency response of & FET video am 
plifir It is nota simple RC network but one in which the 
feal and imaginary pats are a function of frequen. 


The voltage generator source resistance Ry and the FET 
Input impedance Zjq form a frequency sensitive attenus- 
tion network. The larger the Ry, the worse will be the fe 
‘quency response, and vie verss. Examining this in greater 
detail, consider the input equivalent citeuit of a FET con- 
nected in the common source configuration, 


where 


Rs and Rg © bulk series gate resistance 
gs and Cyq = bulk series gate capacitance 
Gos = output conductance 


FETs for Video Amplifiers 


APPLICATION NOTE 


For this analysis the gate source leakage resistance has been 
‘ignored due tts high vale. Redrawing the input equivalent 
‘itcuit asa simple parallel RC combination results in 


where 


Gy =Re Yin! 


snd 
By =Im Yin! 
ole, (140% 


~My TE 


e201 +0271) 


(o) 


i) 


‘The input resistance varies inversely with the square ofthe 
frequency (see Figures 3 and 4) while the input reactance is 
Inversely proportional to the Frequency (se Figue 3). 


on 


3 
Zz 
< 


conctusion 


Contemporary junction FETs have nose voltages @y) equal 
to those found in lownoise bipolar tansstrs. Eh type 
(of device has a diferent operating mechanism: the FET is 
voltageactuated, while the bipolae teansstor is curent- 
sctuated, Hence, FETS have an inherently lower noise cuts 
fent (iy) and are prefered over bipolar devices in most 
audio-fequency applications where low-noise performance 
‘sa design requirement, 


When bas points are properly selected, as described inthis 
Application Note, the excellent low-noise characteristics of 
high gf junction FETs canbe realized. 


The cues shown in Figure 18 ate representative fy and 
Jy performance of Siliconix junction FETs. OF particular 
importance in these curves isthe process geometry by which 
the basic design of the FET governs the noise character 
ties of produet types derived from it. Readers ae invited 
to refer to the Siliconix FET catalog for full ometry per- 
formance data, and for specific part numbers stemming 
from the generic process geometries. 


4m the measurement section of this Appliction Note, it 
was shown that diect eyy measurements can readily be 
‘made. iy can be guaranteed at frequencies below 100 He by 
‘measuring the DC operating gate current (Ig). When Ig i 


can be extrapolated from frequencies below 
100 Hz to predict noise performance at frequencies 10 
100 eH, 
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FETs for Video Amplifiers 


INTRODUCTION 
‘The fokeffect transistor Inds itself wel to ideo amplifier 
applications. Gain bandwidth products nexcess of 250 MHz 
may be easily achieved using simple one or two transistor 
‘decuts, DC input resistances in the tens of megohms range 
may also be eal achieved wile input capacitances may be 
significant reduced to les than 1 pF by wellknown circuit 
techniques. Video amplifirs have applications in commun: 
cations and pulse amplifying circuits and normally operate 
up to 100 MHz. 


Behavior of FET Input Resistance 
A prime FET parameter, input impedance, asa large effect 
in determining the frequency response of a FET video 
plifis It isnot a simple RC network but one in which the 
real and imaginary parts are a fonction of frequency. 


The voltage generator source tesstance Ry and the FET 
Input impedance Zjq form a frequency sensitive attenua- 
tion network. The lager the Rj. the worse wil be the fe- 
quency response, and vie ves, Examining this in greater 
detail, consider the input equivalent circuit of a FET con- 
nected in the common source configuration, 


where 


Ry and Ryg = bulk series gate resistance 
(Gps and Coq = bulk series gate capacitance 


Goss output conductance 


TOLNV 


APPLICATION NOTE 


For this analysis the gate source leakage resistance has been 
fgnored due tits igh value. Redrawing the input equivalent 
circuit a simple parallel RC combination results in 


Faure? 


whee 
y= Re Vil 
tie) (14 wy + TIED 

T= (TT) Or Tea T, 


o 


and 
By =tmi¥h 

etc 2 
1=(o2y TD? +o2 HPT) 


rea) 


where 


1) =CyaRea 
T2*CpRps Qo) 
“The input resistance vais inversely with the square of the 
frequency (See Figures 3 and 4) while the input reactance is 
Inversely proportional ro the frequency (se Figure 3. 
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{In commonsource circuits, 1/6, will ypeally fll t0<2K 
‘hms a 100 MHz while Cy remsin substantially constant at 
least up to 1000 MHz. Figures 3 and 4 below exhibit these 


ones 
The 348 equeny 0 igen by 
f 

oa o 

™ —)|_ 
2 Tx 1012 x $60 @ 
: — w3 = 255x106 ~) 
a i ty sso ute “i 
i yn The tow Fequency voltage gan for this conhguation is 

@ Bead er gree 

‘money mut AV" iy ens an 
Figure 4 - Ay = 49 a2 


‘To maintain low input capacitance, and thus a high input yhere 
impedance over a wide frequency range, feedback may be 
applied (0 most cleus. Such techniques ate explored in 
““FET and Bipolar Cascade” section (page). The effect of 


B 


5 mmbo when Ip = 12 mA, the quiescent curent 


Rg on the fequency response is shown In Figues 6,9, 11, Rr S608 3) 
were aous ample configurations elnveigtel. gen apg ay) 
Gaui o Comier Measured Performance 


Five video amplifier ctcuits ate considered. They are Figure 6 shows the frequency response of the circuit, The 


lowefrequency gan was measured at 45 andthe 3dB band- 
‘width at 44 MHz giving 2 gain bandwidth product of 
197 Miz, This compates with a ealeulaed gain bandwidth 


‘Common-Soutce Configuration 
‘Shunt-Peaked Common Source Configu 
Soute Follower 


or 91 Mite, 
CCascode Amplifier 
FET and Bipolar Catade . 
Common-Source Circuit! a 
“The czeuit of Figue 5 features high input impedance and Sa aitea 
high voltage gain, The drain resistor is set at $60 ohms 10 5 \ 
rinain good bandwidth which, with SO-ohm generator 
Impedance, i determined primal by the daa lod come 
ponents. These ae: , 
Rp=5602 © 4 
Cr=Cut Cyt cs C) eee 
qq = 20 pF, Cp the VIVM probe, 20 pF, and Cy is ‘mera 
feu say capacitance of 3 pF. 
cy =242¢3=75F © owes 


Effect of increasing Generator Impedance 
If the generator resistance Rp is increased to 1K ohm, the 
input time constant ofthe FET is increased. The bandwidth 
of the amplifier is now determined primarily by the input 
time constant which consists of generator impedance 
(Ry= 1K ohm) shunted by Cjq (see Figure 7). 


‘ : hs : 

were 

(i+ t88D +(- fs.) + 
caf 1 ts) co Te guts) BTS 

$5935) +(06x10)+3 as 
Cig =309F 06 
whe 
Ca 35 0F an 
Cy = 109 (8) 


‘The corresponding 3.48 Fequency i given by 
1 


3 Gay @ 

See 2) 
30x 10°12 x 103 39, 

f =53Mie ay 


which agrees closely withthe measured bandwidth as shown 
in Figure 6. 


‘Shunt Peaked Common Source Circuit 
The frequency response ofthe resistance loaded common: 
source cteuit maybe significantly extended by shunt peak- 
ing atthe gate and/or drain. Consider firs the gate cicut. 
Here an inductor may be connected in shunt with the gate 
and st to such a value that it forms a tuned cicuit with the 


‘The response of an input signal of fequency fo wil then be 
boosted to an extent depending on the Foaded Q of the 
tuned cicult the loaded Q in tun is dependent on the 
unloaded Q of inductor L, Ry and the FET input resistance, 


Next consider shunt peaking inthe dain circuit. In Figure 
8 the inductor Litto sucha value that alow Q tuned 
iru sored the reson 

combination of Cy pls stray and load capaci 
Fat eesponse, the LC iru i tuned tothe 3B frequency 
ofthe resistance loaded ctcuit of Fgute 5. (See Appendix) 


The required value of Lis: 


BOT forte cent in Fg 8 ey 
=078qit es 
where 
Rp= S602 6) 
© Cpa + Cstry* CVTVM PROBE en 


© s12tiaer 


pe cc) 


Due to the low circuit Q (about 5), the value of L is 
rot esta 


‘The 348 bandwidth shown in Figure 9 now extends to 
67 MHz giving again bandwidth product of 


67x4.29281 Mie e9 
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FET input capacitance. The fequeney of resonance is t 
determined by: i = 
i 
1 i 
—— co i 
anvita 7 
where ee 
es) 
62 
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‘When Rg is bypased by 20.1 capacitor, the low frequency 
voltage gain is ive simply by 


Ay= 86RD ) 
15x10 x560 co) 
=8.4(18.5 4B) cc) 


‘The guin bandwidth product tends to remain constant 
whether Rg is bypased ot not and this effect i shown in 
Figure 9, 


Source Follower Circuit? 

‘A.1300 is used in the FET source-follower cteuit, Figure 
10, because ofits low input capacitance and high which 
remains high atthe frequency range of interest. A source 
follower exhibits a hgh input impedance and low output 
impedance. The ral par of the output impedance ie the 
reciprocal of gf, which i independent of frequency up to 
shout 600MHIz The input capacitance feC 4 +g, (1 Ay) 
hich in this eas, is approximately 1.5 pF maximum, The 
Input capacitance is also independent of frequency and 
independent of load when the load is Iarer than the output 
resistance Ro. 


“The frequency response is dependent mainly on the gener- 
sot inptanc: For xan hen Ry ince 
to 1K ohm the bandwidth falls to 80 MHz In this particular 
circuit, the low-frequency voltage gains 0.94 


‘The input resistance is proportional to 1/f a explained in 
the section, “Behavior of Input Resistance,” and at some 
high frequency will o negative, paticulaly if the source 
resistor is large. For example with the ctcuit in Figure 10, 
the input resistance is high at 10 MHz but in the negative 
resistance region at 100 MHz, However, when Rg, 1000 
‘ohms, the input resistance i relat this frequency. 


The voltage gain of a source followers given by’ 


Rs 
Tregks 


ay ey 


‘Thus Ay is almost independent of Rg when Rg is large. 
‘Using types! values for the 1300 (or 2N5912) in Figure 
10 the dan aren is 3 mA, ay 6S mmho and RS 4700, 


Ay =0.96 


Siliconix 


Which i nea the measured value of 0.94. Measured perfor: 
mance is shown in Figure 11, The output resistance of this 
source follower i given by: 


(Veet 


wie x 34) 
ig "SxIeT “2000 om 


Ry 


and inthis cireuit, Ry was measured at 165 ohms. The 
source follower is useful versatile circuit which may be 
‘wed as an impedance converter, level shifter, buffer stage, 
‘rasan input ciruit to an op amp o feedback amplifier. 


i 
i 
3. 
: | 
in 
“UPS 
Cescode Crest 


The cascode cicult ha applications ata buffer amplier for 
tse with high stability osilators oF in low level power am 
pliers? mainly due to its low reverse transfer character 
istics. The advantages and considerations of this eonfigra- 
tion, Figure 12, ae similar to those listed forthe common 
source iret. An extra advantage exists in the catcode 
circuit, namely the low input capacitance 


Cin=Cy (1 = AVI Cag os) 
Cin = Css + Coa Gay 


Figure 2 
whete Ay is the voltage gain from Qy gate 10 Q} drain 
which is essentially unity. Cis, forthe U2S7 dual FET is 
5 pF and Cyg is | pF, therefore 

Cin = 5* 1=6 pF excluding strays of 4 pF 


‘Thos Miller effect is minimized and a god gain bandwidth 
product is ahieved, 
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Figure 13 shows cascode ffequency response. The voltage 
tn at low fequency is 15 4B (x 5.6) and the bandwidth is 
24.5 Mite with a generator impedance of 0 olms. Gain 
bandwidth products 137 MHz. 


FET and Bipolar Cascade 
‘The FET and bipolar transistor combination of Figure 14 
‘makes. good vdeo amplifier because the FET input provides 
the voliage gain thus obtaining a superior gan bandwidth 
product. The feedback capacitor ne couples the emitter to 
the dean. The a voltage atthe gate ienearly equal to that 
at the source. This source voltpe is - coupled tothe base, 


“This produces an voltage tthe emit whose ample 
{s almost equal to that at the Base. Thus at the FET, 
Wp & ve = Wg ad al thee signals are in phase. In this way 
Mle tect capacitance i agely eliminated. 


‘The frequency response of this cltcult is controlled by the 
‘output time constant iF F ofthe transistor is much greater 
‘than the amphifer bandwidth, Inthe circolt shown the a 
loads 25 pF. 


concLusiON 
‘The input resistance of a FET i inverely proportional to 
the Frequency squad, while the input eapscitance remains 
‘constant fo atleast 1000 MHz, 

Several video amplifier configurations are considered. The 
commonsoure cicult is considered fst: in the example, 
the low frequency gain i 4.5 and the 304B bandwidth 
‘44Mbz (gain bandwidth 197 MHZ), By shunt peaking inthe 
rain circuit, gain bandwith is increased to 260 MHz, The 
simple source-followercicut gives gin near unity with 
GBW almost 300 Miz and an output resistance of Uys The 
cascode circuit features a low input capacitance and GBW 
‘of 137 MH. The circuit featuring the best gain bandwidth 
is the FET and bipolar combination, A gain of 11 dB and 
bandwidth of 90 MH is schieved. 


T-OLNV 
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Siliconix 


‘APPENDIX Shunt eaked Common Source Stage 
‘Selection of Video Amplifier Designs with a 
Pome Suey “=. manne) 


TOLNY 


Note, All output voltages measured with Boonton 91C VIVM. 


‘Common Source Stage a 


mf 
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Source Follower Circuit 


ae eae 
a Se ee 
Bom alti nae 

aS So lear 
so 092 22 27 165 350 326 peetin am a Fe 
Rie eS] Gee eae a a 
Tet act wo Secs 


Derivation of lapat Admittance Terms The response below shows the “normal” 3-€B frequency 


without peaking fj. [tismove required to ate the response 


where at fy by 3 dB to achieve a maximally lat response, There- 
F fore, under these conditions the total impedance seen by 
Ri=Ry C=C eM "3 the drain at f must equal the impedance seen by th drain 
Rhy O=Gy Le eekly Aboatt, Xc=Ry Substituting for Xin Equation 
ssh 
“ 0 
Yin* RcypstT * RC seT _ 
HACER HCD gy 
(1= oR] RIC|CD) + {CIR + CRD) 
© 
Derivation of Shunt Peaking Formal 
The equalent circuit of the dain oad isshown in he Fig Ry2—2ULR +724 RLZ=REZ+SL? —_ 7) 
ebelow. The totaimpedanceseen by the drain gen by 
Ry2=20LRp © 
1 - 
is [ Rp? + 22 z ‘5 Rapes 1) 
1 = WLC)? + CPR? Pp 
( s 5 Loge ) 
and 
To ae ay 
" “RRC 
i REFERENCES 
1, Sherwin, 1S, “Liberate Your FET Amplifier" Ele 
leone Desig, May 1970, 


2 Siliconix Application Tip, “FET Cascode Circuits Reduce 
Feedback Capacitance,” August 1970, 
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INTRODUCTION 


‘When high performance, highfequency junction fei-effect 
transistors (JFETS) ae used in the design of active balanced 
nixers, the resulting FET mixer eeu demonstrates clearly 
‘superior characteristics when compared toi popular pasive 
‘counterpart employing hot-carter diodes. Comparison of 
‘several types of mixers is made in Table I. The advantages 
and disadvantages of semiconductor devices currently used 
in various mixer ctcults ate shown in Table IL 


Wy an Active Mixer? 
Active mixing sugests high evel mixing capability. High 
level mixing. in turn infers that active maxes outperform 
passive mixer ciruits im terns of wide dynamie range and 
large-signal handling capability. Additionally, the active mix 
cer offers improved conversion efficiency over the pasive 
‘nine, prmiting felaxation ofthe IFamplifier gain requte- 
rents and even possible elimination ofthe customary RF 
ampli frontend 


APPLICATION NOTE 


FETs in 
Balanced Mixers 


ed Oxner 


Init evaluation of the active FET mixer wil imply adi 
savantage because of local oxltor drive requirements, 
Dipolar devices ia low-level miners require very litle deve 
power. However, n highlevel mixing this disadvantage 
‘overcome in that deve requirements at such mixing Ives 
ae geneally the same, no matter whether bipolir or FET 
devices ae ued 


‘Why FETS for Balanced Mixers? 
‘The performance priorities of modem communication 59 
tems have stringent requirements for wide dynamic range, 
suppresion of intermodulation products, and the effects of 
crossmodulation. All of the foregoing parameters must be 
considered before nose figure and ain are taken into 


Since FETs have inherent transfer characteristics approx! 
mating a squarelaw response, thee thirdorder intermodal 
tion distortion products ae generally much smaller than 
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those of bipolar transistors. Harmonic distortion and cross 
‘modulation effects are thirdorder-dependent, and thos ae 
‘really reduced when FETs are used in active balanced 


A secondary advantage derives from available conversion 
un, so that the FET mixer becomes simultaneously equi. 
alent 10 both a demodulator anda preamplifier, 


First Onder Balanced Mixer Theory 


Essential details of balanced mixer operation, including sig- 
‘al conversion and local osilator noise ejection, ae best 
illustrated by signa lw vector diagrams (Figute 1). 


head an additional oneal of the IF eycle, FET “A” is 
again ON, but the noise component has advanced 180° 
(Gig) through the coupling structure, and is now “out of 
phase”. The process continually repeats itself. 


‘The end result ofthis averaging (detection) i the cancels 
tion of the noise which originated in the local oséllator, 
providing thatthe mixer balance i precise.) 


“The analysis of the conversion ofthe signal to the IF pass 
band is similar, but the signal is injected nto the coupling 
struetute a the equipotetil tp, Thus at time tthe signal 
vector (,)is “out of phase” withthe local osilator vector, 
The resulting envelope develops acyclic progression at 
the IF rate, since the signal is “demodulated” by the mixing 
action of the FETs. 


[A schematic of a prototype balanced mixer is shown in 
Figure 2. Design criteria, inorder of prionty include the 
following 

(2) Intermodulaion and Cros Modulation 

(2) Conversion Gain 

(3) Noise Figure 

(4) Selecting the Proper FET 

(5) Local Oselator Injection 

(©) Designing the Input Transformer 

(0) Designing he IF Network 


Intermodulation and Crose Modulation 


Protatype atv Balanced Minar 


Since conversion gain (or loss) must be considered, 1s 
‘ommon to equate voltage gain Ay 35: 


Aye eeRL o 


where 6 the conversion transconductance and Ry, the 
FET drain load 


[An attempt to achieve maximum conversion gain by indi. 
‘riminately increasing the drain load esstance willadversely 
fect any design priority concerning distortion ~ particule: 
ly intermodulation product distortion, 


Distortion takes different forms in mixers, Most obvious 
that distortion which wil occur ifthe FET is driven into 


load impedance is high, then distortion will develop. How: 
cer, if proper steps ate taken to prevent dean Toad distor 
ton, the varactor effect wil alo be inhibited. 


A basic aim in mixer design isto avoid the effects of inter- 
‘modulation product distortion and crossmodulation. Part 
ofthe problem may be resolved by using a alanced mixer 


the enhancement mode, a5 noted eatie. A more pernicious 
form is drain load distortion. And finaly, there isthe so- 
called “varactor effet 


‘The active transfer function ofthe FET is represented by a 
voltage contolled current source, For both crossmodula- 


‘The most frequent cause of poor mixer performance stems 


ing analysis, both the signal and noise vectors are shown 
progressing (rotating) at the IF rate (coy); the resulting 
wave occurs through vector addition. 


‘The analysis of local osllator noise rejection (Figure 1) 
assumes, for simplicity ofexplanation, that noise iscoherent 
‘Thus at some point in time (t)) the noise component (€q) 
{sin phase” with the local oscillator vector (eg) and FET 
“A (the rectifying element) is ON; the JEET mixer acts as 
‘switch, with the local osilator acting asthe switch dive 
signal. One-half cycle later, at time tz, the signal flow is 
reversed for both the lotal oscillator vector and the noe 
component, FET "A" is OFF and FET “B" is ON. Moving 


tion and intermodulation, the amount of distortion is pro- 
portional to the amplitude of the gate-source voltage. Since 
Input power is proportional to input voltage, and inversely 


Operation in the FET squareaw tepion will occur with the 
device in the depletion mode. Considerable distortion wll 
result if the FET is operated in the enhancement mode 
(postive, for an Nechannel FET); by analogy, the problems 
‘encountered are similar to those which arse when postive 
Arie i placed on the grid of a vacuum tube, 


‘Squareaw region operation emphasizes the importance of 
tstablshing proper drive levels for both quiescent bias and 
the local osiltor. The maximum conversion transcondus 
tance, g, i achieved at about 80% of the FET gate cutoft, 
voltage, Vgs(oqr.and amounts to about 255% of the forward 
transconductance, gf, of the FET when usedas an anpliis, 
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fom signal overloading in the drain circuit. Excessive drain 
Joad impedance degrades the intermodulation characterstics 
and produces unwanted crossmodulationsgnale(2) A chat 


z wowoiega 2 Hyat sole acteristic of the FET balanced mine thatthe correct Campo of Mia harstriin 
fic rtarrnd apr onorsep die eiideeiord Stain fod mpedance is invesely proportional tothe valve ewe 
{rossmodulation performance oblained isthe common- 
feratacrmer wl erielgeypinroed ier fof the conversion transconductance. Figure 3 shows the 
3 Improvement in IM characters bland in the prototype 
mixer with the drain load impedance reduced to 1700 ¢ 
Energy conversion into the intexmediat frequency (IF) pass When JFETs ate used a active mixer elements, is impor 
tuandisthe major concern in mixer operation. In the fllow- tat thatthe devices be opetated in their squaeawtegon srcetoo tis Retoalaratin eaemaeoaree te ROS [+ —trnaonoon — 


plottedso that the signal peaks of the instantaneous psk-t0- 
‘peak output voltage ate not permitted to enter into the noe 
saturated (“triode”) region of the FET. Suitable and unsuit- 
able dain load lines are shown in Figure 4 Load impedance 
selection i quantified in Equations 18 though 20. 


Distortion fom the “varactor effet” is of econdaty imp 
tance, and aries from an excesive peak voltage signal 
‘ving, where the changing deaintosource voltage can cause 
3 change in parasitic capacitance, Crys, and give ie to hate 
mmonics(4) A FET tends to be voltage-dependent when the 
drain voltage falls appreciably below 6 volts IF the source 
voltage ({rom the power supply) is also low and the drain 
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Conversion Gain 
{na FET, forward transconductance i defined a(5) 


dlp 
"Wee @ 
and conversion ansonductance defined a) 


cen) 
Pec) ® 
Meqeon 
where coi = the intermediate Fequency’ and cor = the signal 
Frequency. 
‘The effects of time-arying local osilator voltage, V2, and 
"the much smaller signal voltage, V), must be considers 


ngs 2 V1 cos eit + V2 cos ent oy 


For square law operation(7) 


Y2* Vos <Ves(otn (s) 
Drain current is approximately defined by ®) 
Yes]? 
to toss [iy | 6 
est 
or (2) mem 
tp=teeVasiom fy _ & 
Z Ves(oth) 
ho " 
= qi Wesom= re? « 
I~ Wegaiy Meson} ® 
thea! 
(complex Taylorexpanion) —@) 


which can be reduced to 
Shio 

"oar avegaay VIV2EHeI-wo" 10) 

and the conversion transductance is 


ay 


Equation 11 suggests that g, increases without limit as V3 
increases without limit. However, to avoid operation of the 
FET in the “trode” region, the peak-to-peak swing of V> 
should not exceed Vegsiort 


Htwas 
22 peak <Vesfom « 
Vo peak < “OSH «9 


Figure 5 shows plots of normalized conversion trans 
conductance, gi ets normalized quiescent bss, Vgs/| 
Ves(ott fo dffetentosilaor injections 


eeu 


Nomad sl Vas/Vaset 
Atom “ETRE tee Opn Tcdnigue” SP Kwok, 
'WESCON Convention Recon (1970) 8/1, 9.2) 


Noise Figure 
Like the common ate FET amplifier, the common-gate FET 
balinced mixer i sensitive to generator resistance, Ry (11) 
‘A change of a decade in Ry can produce a noise figure van 
tion of as much as 38, 


{nthe design ofthe prototype FET active balanced miner, 
the generator resistance of the FETs is established by the 
rid coupling transformer. Two important eiteria for the 
TS in the circuit are high forward transconductance, nd 
a value of powersmatch source admittance, gg which lose 
ly matches the output admittance of the coupling tant. 
former. In the common-gate configuration, match points for 
‘optimum power gain and noise do not occur atthe sme 
value of generator resistance (Figure 6). Optimum noise 
‘match can only be achieved atthe sctfce of bandwidth, 


Se eS 


Power Gain ad Not Matehing 
Fue 
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ow to Select the Proper FET 
Conversion efficiency is determined by conversion tans 
‘onduetance, ge, which in turn is diectly related to such 
FFET parameters ate zero-bia saturation cutrent,Ipgg, and 
the gte cutoff voltage, Ves 


however, that conversion transconductance, gc, ean never 
be more than 25% of forward tansconductance. Thus as 
ttadeofT considerations begin, the fist suriie to be mad 
willbe the deree of achievable conversion gain Itennod- 
‘lation performance wil follow withthe thie tradeoff being 
availble noise figure. Table II ksts a number of possible 


Best mixer performance 4 achieved with “matched pais” 
of JFETs, Basic considerations in selecting FETs for this 
application are gate cuott voltage, Vg oft. fo 400d on 
version transconductance, and zeroblas saturation current, 
Ipss. for dynamic range A mitch to 10% 8 generally ade 
quate. Among currently avaiable devs, the Sikoo 
U3I0 and the dual U431 offer excelent performance 
oth categones; common gate forwatd transconductance i 
20,000 sumhos max at Vis = 10 V, Ip = 10 mA, and 
f= kth, 


‘Thete i, of course, the possiblity that FET cost a major 
consideration i evaluating the active balanced mixer ap- 
‘proach ~ the familar priceperfornance tadeotl. 1 tis 
the eas, there ate 4 number of other 


‘pss altematives to the U310. 
+ wa 16 
ba Ves(ory? > ov Table i 
sae ‘a east rs 
od om a 
Equation 15 appears to indicate that FETs with high Ings = — ot 
ate tobe preferred, However, Inggand Vasco) ate related, Coe Oe 
shed forth Inge dower prondehigheonesion ae NISI) 
conductance, but stually produce a lower vale of. Fores ring O 
nnn 
aa Loe cit ieton 
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‘The sourceinjection method is wed in the design of the 
resent mixer to maintain the inherent stabil ofa com> 
Mon-gate circuit. A minor disadvantage with the direc. 
‘tive method is that the requied gate-tosource voltage 
‘wing. requites considerable lea! oelator input power 
For source injection through the transformer. best mixer 
Performance is obtained with a local ocllator drive lve of 
+12 (0417 dBm across a SO-ohm load. 


Conversely, direct coupling to the FET gates occurs at 2 
igher impedance level and less local oxilator drive power 
's required. The funcional tradcot resulting when the gates 
are ted together is that shunt suseptance requtes some 
form of conjugate matching, and thus brings about an un 
desirable reduction of instantaneous mixer bandwidth 


Designing the Input Transformer 
Five criteria ae important tothe design of the hybrid input 
‘coupling wansformet for best mixer performance. The impe 
dance transformer must, 
(1) Consist of four single-nded teminal, forthe local 
‘osellstor, the input signal and FETS A and 
(2) Offer a match between ether input to a symmet 
cal balanced load 


(3) Provide as much isolation as possible Between the 
signal and local oscillator ports (Figue 9) 


(4) Maintaun a differential phase of 180° across the 
symmetrical balanced lads 


(5) Introduce the lest possible amount of loss 


Hyori input Coupling Tenstormer 
Faure 10 


|r yi with Phase alton 
Faures 


A tansformer using forte cores and meeting these five 
requirements is derived from elementary trnsmisson-ine 
theory (Figure 10), Transmission line transformers have a 
low-fequency cutoff determined by the falloff of primary 
reactance as fequency is decreased. This reactance i dete. 
mined by the series inductance of the transmission line con 
‘ductors. On the ott hand, highfeequency performance i 
ethanced by minimizing the physical length of the trans- 
rission line. Minimizing overall ine length while maintain: 
ing suitable reactance can be accomplished by using 2 
high permeability core material such aa ferrite !2) The 
transformer constructed fr the balanced FET mixer closely 
resembles the balanced port unsymmetrical 180" hybrid 
device desribed by Ruthrotf(03) 


ese 


Although Ruth does not discuss the method of det 
‘mining the winding lengthof bifilar wie, a solution isoffeced 
by Pitts) The Pitzals definition for wire length are 
28 follows Figure 11): 


oc hogin= 720 tes «6 
re 

min ene = 7208 — ste) 7) 
Ta owe 


where Ry = the load impedance, wi = the selatie 
permeability of the ferrite at the lower frequency, and = 
4 factional wavelength determined by the amount of allow: 
able phase ero. 


Selection ofthe ferite core material determined mainly 
by performance requirements. A prime consideration for 
wideband performance i the temperature coefficient ofthe 
ferrite, which must have alow oss tangent over the requited 
temperature range, ie, igh Q. 


{In addition, an important design factor involves the lative 
petmeability ofthe core, since inductance of conductor 
proportional to the permeability of the surounding me- 
divm(15) A high permeabibty material placed close to the 
transmission line conductors acts upon the extemal inge 
Field present, appreciably magnifying the indetance and 
providing a lower cutoff frequency. Power transferred 
fiom input to output is coupled diecty through the a 
lectic medium separating the transmission line condeutors, 
thus a elatively stall eossseetion of frsite material can 
‘operate in an unsaturated state at impressively hgh power 
levels For the FET balanced mixer, ferite core material 
with a permeability of 40 provides satisfactory operation 
from $0 t0 250 MHz. Figute 11 also demonstates that 3 
lower transmission tine impedance, Zo, is to be prefered 
over a higher Zo. Both SOohm and 1000hm transmission 
lines are required for the mixer transformer; twisted pairs 
wil provide satisfactory results. A characteristic impedance 
of 45 9s obtained from 3 turnsperinch of Belden 
No. 24 AWG enamel wie, while 34 turnspetinch of No, 
24 (7X32) Belden plastic covered wire provide Zy = 100 
‘ohms. Each core is wound with 2 inches of the proper 
twisted pair, with min/max lengths calculated from Pizal’ 
data (Formulae 16,17). 


As with all broadband transformers, the coil hs an ineent 
parasitic inductance which must be eapacitor-compensated 
(C2, C4, Figute 2).09) A trim capacitor bs requized at the 
to input terminal, and is adjusted only once to optimize 
the differential phase shift actos the symmetrical balanced 
FETs. Phase match of the hybrid stucture may be tracked 
to within £2 degrees (about 180") to 250 MHz. Effective 
fesistance transformation is useful from 50 40 550 Miz 
(Figure 12) ~ but phase wack beyond 250 MHz may show 
{00 much deterioration 


“Tore Cot Wining Ota 
wre 


Designing the IF Network 
The IF network performs two important functions in the 
FET balanced mixer circuit. It provides for optimum mat 
between the FETS and the IF amplifier, and it effectively 
bypasses the circuit RF components (signal and local 
oscilaton) 


{In network design, ti esentil thatthe RF and local osc 
Iator signals be sufficiently isolated from the intermediate 
frequency signal to maintain rejection levels of at east 
20 dB. If this isolation i not maintained, conversion gain 
and noise figure are degrade. 


“The simplest technique for design ofthe IF network is to 
use the wellknown pi (=) match structure from each FET 
drain to, 2 common balanced oviput transformer net 
‘work.(17) This p match technique is espedalysultble for 
8 narrow-band intermediate frequency output, serving three 
useful functions. First, it serves to achieve the proper drain 
load match between the FETS and the IF structure, Second, 
1t provides the very necessary isolation of the intermediate 
frequency signal. And thie, t serves asa simple filter to 
[Provide a monotonic dectese in impedance 38 frequency 
departs from the IF center frequeney,fo(18. 19) This third 
funtion, shown in Figure 13, prevents the drain load impe- 
dance from skyrocketing out of control and giving ie to 
distortion products. 


Selection of the dynamic drain impedance value tn the IF 
‘network is crtieal point in design of the structure. Inter 
‘modulation product distortion and crossmodulation will be 


‘SOTO Scania corporate 
695 
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both affected by the instantaneous peak-to-peak output 
voltage of the FETs, if the value ofthe dynamic drain imp 
dance allows these signal peaks to enter either the pinchroft 
tage or breakdown voltae regions ofthe transstors(20) 
1s too igh, the dynamic ange of the mixer 
ied; if the impedance isto low, useful 
conversion gain willbe seifice. 


[A firsvordet approximation 10 establish the proper load 
impedance may be obtained when 


Ypp - 2 Ves(oft 
ots a 
-° agai! ay) om 
e 


For the USIO FET, the optimum dean load impedance is 
‘established at sighty less than 2000 ohms, with suficient 
local oscillator drive and gate bias determined from the con 
version transconductance curve in Figure S 


‘The output IF coupling structure is an 800.0hm CT to 50- 
‘ohm ifilar-wound transformer (Relcom BT9 or equivalent. 
‘The pi (2) match into this transformer provided 3 dynamic 
rain load impedance of 1700 ohms on each FET; excellent 
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IM performance was obtained. Value of ope 
‘tablished at 10 as the best compromise to 

tolerance ofthe pi match components would permit the IF 
‘output to peak within the allowable Bandwidth at the asso 
‘ated IF amplifier. AQ of more than 10 would result ina 


‘eatly restricted bandwidth while a Qof less than 10 would 
‘esul in excessively high capacitance, excesively low induc: 


tance, and unsatisfactory fr performance 


Mixer Peformance 


Tests of the operational protorype FET balanced mixer 
demonstrated that the active miner has several characteris 


[Oveamie Rone 10008 orn 
Dsratzaton Unt crest 


ties superior to those of passive mixer counterparts. These 


comparisons are made ia Table TV (measurements ofall 
hee mixers were made under laboratory conditions). 


connrion an “eae _| vewe 
Sirgesebon None Fre e508 | 60a 


Insertion fss measurements onthe F network amounted to 
3 dB an the center ofthe passband, while insertion loss on 
the hybrid assembly measured 1.2€B, The network exhibited 
2.Q of 10. Gain and noise figures were measured over the 
full 50-250 MHz bandwidth, with a singlesideband noise 
figure ranging from 7.2 dB at SO MHz to 8.6 aB at 250 
‘MHz Conversion gain wasa fat #25 4 


‘Twortone trd-order intermodulation is expressed in terms 
ofthe iaterespt point (21) With two signals 300 KHz part, 
the balanced mixer suppressed third-order products ~89 dB 
wath both signals t 10 dBm, representing an intexcept 
point of #32 dBm, 


Comparon ofl Ode IM rodute 


Figuee 14 shows 4 comparison of thirborder IM products 

n both the JFET balanced mixer anda typi 
foublealanced diode mixer, under simile 
‘operating conditions. Noise figure and interept point are 
shown at various bias and local osilutor drive levels in 
Figuie 15, 


‘The performance of the active mixer cleat sy 

tof the diode muxers, contributing overall system gain 
in areascitieal to telecommunications practice, aid reusing 
associated amplifier requires, 
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CONCLUSION 


‘The reason for using the thvee-core biflr transformer 
(Figure 114) in this twonal article stemmed from the ele 
we analytical simplicity of such a design, An alternative 
transformer is the single-core tifilrwound design. The 
Aefinitions for wite lengths (Equations 16 and 17) ate 
ually applicable to tii as they ae for bil. 
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INTRODUCTION 


The Nature of VCRs 
[A voltage-contolled resistor (VCR) may be defined as 2 
thee-erminal variable resistor where the resistance value 
between two of the terminal is contcolled by a voltage 
potential applied to the thie, 


A junction field-effect transistor FET) may be defined at 
3 fieldcontroled majority eatier device where the condue- 
tance in the channel between the souree and the drain i 
modulated by a transverse electric field. The field is con 
tooled by a combination of gatesource bss voltage, Vs, 
and the net drassource voltage, Vp, 


[Under certain operating condition, the resistance of the 
rainsource channel is function ofthe gate source voltage 
alone and the JFET will behave as an almost pure obiie 
resistor) Maximum dainsoureecurtent, Ipgg, and min 
‘mum resistance, rpscoq), wil ext when the yatesource 
lige isequal to ato vlts(Vgg =O). If he gate voltages 
increased (negatively for NChaanel JFETs and postely 
for P-Channel) the resistance will abo increase. When the 
rain cures is reduced to a pint where the FET Is 0 
longer conductive, the maximum resistance is ache. The 
voltage at this point is refered toa the pincho or cutoft 
voltage and is symbolized by Vas = Voscotry Thus the 
device functions sa voltage-contoled resistor, 


APPLICATION NOTE 
FETs As 


Voltage-Controlled Resistors 


Figure 1 devils typeal opeating characteristics of an. 
Channel SFET. Most amplification of switching operations 
of FETs occur in the constantcurent (saturated) region, 
shown 35 Region Il. A close inspection of Reson { (the un 
saturated or prepinchoff area) reveals that the effective 
slope indicative of conductance actos the channel from 
Arai to source is diferent foreach value of gate-source bis 
voltage.) The slope is relatively constant over range of 
applied drain voltages, 50 log as the gate voltage is abo 
constant and the drain voltage i ow: 


et ata 


Typla N-channel JEET Operating Charactaitie 
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Resotance Proper of FETS 
The unique resisance-contoling properties of FETS an be 
deduced from Figure 2, which an expandedsae pot of 
the enceled ates inthe lower fhand corer of gue 
The output characteris al passthrough the oti, neat 
Which they become almost tight net 20 tat the noe 
Inentl vale of channel esitance rg exentily the sae 
Bs that of dc resstance, pg, and rs function of Ves 


Figure 2 shows extension of the operating characteristics 
{nt the thir quadrant fra typical NChannel JEET. While 
such devies are normally operated with a postive drain 
source voltage, small negative values of Vps are possible. 
‘This sbecause the gate-channel PNjunction must be slightly 
forward-biased before any significant amount of gate current 
flows The slope ofthe Ve bia line i equal 10 Alp/AV ps = 
epg. This value is controlled by the amount of voltage 
applied to the gate. Minimum rpg, usally expressed as 
DS(on) Occurs at Veg = Oand is detated bythe geometry 
of the FET. A devie with a channel of small croseseetional 
aa willexubita high ¢ps(on) and alow Ipsg, Thus a FET 
‘ith high Ipgs shouldbe chosen where design requirements 
Indicate the need for low tp stony 


Tiel pg cine fo eel Siconx Netanoel FET 
Popul inFigue-400 The gape wefulinetinaing 
rpgrates tary pen aloof Vg All guns en 
{Bite ae for pil units, Soe vartation shold be 
ese rte fal range of production dvs. I the 
ia strable to cone. Fgue 4 ta nomaled plot. TN 


i 
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‘channel FE Output Character Enlarged Around Vg = 
Figure 3 extends the gg characteristics of a FET to a com- 
pation with the performance of 4 fixed resistors, Note the 
pronounced salary between the two types of devices. 


norman ran Source Resistance or Tpit Channel FETS 
Faure 


has been done in Figure 5. The resistance is normalized to 
As specific value at Veg = 0 V. The dynamic range of tps 
is shown as greater than 100: 1 although for best control of| 
ps range of 10:1 is normally used, 


Silconsx offers a family of FETS specifically intended for 
‘seas voltage-contolled resistors. The devices are avaiable 
in bothN-Channeland P-Channel configurations (Figures 6A 
and 6B) and hive ‘ps¢qq) valves ranging from 20 2 to 
4,000 9 (Figure 7). 


Compatiton of FEF and Rexstor Charcitis 


esi 
La ane ‘Geet rangement for Both an and P Channel FET 
Normalized gta 
‘iar 
i —SSrae 
ca ” 
ure 


on) (Oren Source Resstanc st Vos = Vag =O! 
‘Vavier aan iner Function ot Vestoh 
Fawr? 


Applications for VCRs 


[The FET is deal for use asa vollage-controled resistor in 
appheatons requiring high reliability, minimum component 
size, and circuit simplicity. The FET VCR will conveniently 
replace numerous elements of conventional resistance con 
rol systems, such as servomotors, potentiometers, ler pul- 
kys, and associated linkage. FET power consumption i 
minimal, packages are very smal, and cost comparisons wit 
conventional contol schemes ae mos favorable, 


‘A simple application of a FET VCR is shown in Figue 8, 
the etcit for a voltage divider attenuator(3) 


The output voltage is 


Yin ‘os 
vour= 7 
OUT" Ripe ro) 

1 assumed thatthe output volag nots age a 0 

push the VER out of the leat resbtance rep, and that 

the rps not shunted by the lsd 

The lowest value which yoy can ase 


Vin DS(on) 


YOUTI nin)" K+ rpsfony @ 


L-eZNV 


3 
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‘The highest valve ie 
YOUT(max) * Yin @ 
since sp can be extremeley lee. 


‘A number of other FET VCR applications are shown in 
Figures 9:16, 


ota Tuned Fier Octave Range with Lowe Frequency at JFET 
astern and Toned by Bz. Urper Frequency Contre by Ry 


awe 10 


read VOR Atanutor 
raure 1 


Wide Oymamie Runge AGC Cite. No Gain through FET with 
‘Bisortion Proportions to Input Sigal Level 


igure 12 


P-Channel VOR Potomultiser Load. Ragird Low Photomul 
ar Anode Current (Uszlly <1 Al impish VER wl Away 
Petormin Una Ron Near Orin 


Votuge Contras Varsbie Gain Amplifier, The Tes Attenuator 
‘roves fr Optimum Dynamic Lar Range Attenestine 
Fire 16 


642 


‘Signal Distortion: Causes 
Figure 17 repeats the FET output characteristic curves of| 
Figure 2, to show that the bias lines bend down as Ving 
Increases in a postive direction toward the pinch-off voltage 
ofthe FET. The bending ofthe bias ines results in a change 
in tpg,and hence the distortion encountered in VCR arcu; 
note thatthe distortion eccus in both the fist and third 
quadrants, Distortion results because the channel depletion 
layer increases as Vs reduces the dtsn curent, 2 that a 
Pinch-off condition sreached when Vins = Vos = Vesey 
Figure 17B shows how the curtent has an opposite effet 


‘channel JFET Output Character Entand Around Vos =O 
Fnwe 70 


Few 178 


inthe third quadrant, esing negatively with an increasingly 
negative Vp. This is due to the forward conduction ofthe 
{atetochannel junction when the ain sgnal exceeds the 
negative gate bia voltage 


‘Reducing Signal Distortion 
The majority of VCR applications require that signal dis- 
tortion be kept toa minimum, Also, numerous applications 
equie large signal handling capably. A simple feedback 
technique may be used to reduce distortion while permiting 
large signal handling capabihty; a small amount of drain 
signal is coupled to the gate trough a resistor dimer me. 
work, as shown in Figure 18, 


Pewe18 


The application of apart ofthe postive drain signal 1 the 
tate causes the channel depletion layer to decrease, with a 
cottesponding increase in drain current. Increasing the drain 
current fora given drain voltage tends to linearize the Ves, 
bias curves. On the negative halfcyee, a small negative wait 
az: ls coupled to the gate to reduce the amount of drain 

ate forward bas. Thisin tun reduoes the drain curtent and 
linearizes the bas lines. Now the channel esstance is depen 
dent on the DC gate contol voltage and not on the dain 
signal, unless the Vpg = Vos - Vos(ottlousis approached 
Resistors Rp and Rj in Fighe 18 couple the dain signal to 
the gate the resistor values are equal, so that symmetrical 
votape-current characteristics ate produced in both quad 
rants. The resistors must be suficenly lrge to provide 
‘minimum loading to the eeu 


Rp = R310 [Ry lrg (ma) RL] o 


“Typically, 470K 9 resistors wil work wll for most apples 
tions Ry ts selected 30 that the rato of rpscon iy, © 
Ueoscon IRL) + 8 ses the desired output Solas, 


s0s(on) RL. 


sion) HRLI*R o 


‘The feedback technique used in Figute 18 requies thatthe 
tate control voltae, Veg, be twice as large as Vg in Fig- 
tute 17B for the same fg value. Use of 2 oating supply 
between the resistor jution and the FET gate wil ove. 
come this problem. The cirult is shown in Figure 19, and 
Allows the gate contol voltage to be the same valve as that 
voltage used without a feedback circu, while preserving the 
advantages to be gained through the feedback technique. 


Appendix Ato this Application Note i an analytical approx: 
Imation of VCR FET distortion characteristics, both cau 


ted and measured 
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Experimental Results 


Figures 20 through 23 show low voltage output character 
Isic curves for a typical Siiconix N-Channel voltage-<on 
trolled resistor, VCRIN. Biss conditions are shown both 
with and without feedback, Figure 20 shows 2 two-olt 
peak-to-peak signal on the Vg = O V bis curve, with the 
VCR operating in the first and third quadrants, The VCR is 
operated without feedback. 


“The forward-biased gatedrain PN junction may be seen at 
approximately -0.6 V, and bending of the bis cure is 
apparent in the third quadrant The photo also demonstrates 
the comparison between a fixed festor (the linea line 
superimposed onthe bias curve) and the distortion apparent 
in the VOR without feedback compensation; the VCR signal 
is unusable with the indicated amount of distortion, 


In Figure 21,the same VCRIN FET i shown operating with 
the addition of the feedback resistors. Distortion has been 
reduced to less than 0.5% and the characteristics of the VCR, 
are now closely comparable to thow of 3 fixed resistor, 


In Figures 22 and 23, the same VOR FET characteristics ae 
shown, with Vgg adjusted for higher rps. No feedback ne 
work is employed in Figure 22, and measured distortion is 
treater than 85%. In Figure 23, the feedback resistors have 
been added and distortion hat been reduced to less than 
O55 
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‘Some degree of noninearty wil be experienced in both 
the frst and third quadrants as Veg approaches the FET 
cutoff volag. For this reason, it important that the 
feedback resistors be of equal value 0 thatthe nonin 
tis likewise wil be equal in both quadrants. Figure 24 
showsa curve of distortion vs Ry/R3, in both quadrants, 


i 


Disortionv RalRa 


Distortion resulting from changes in temperature are abo 
munimized by the feedback resstor technique. rpg will 
change with temperature in an inverse manner tothe Ochay 
tor of FET drain current, Table | presents the result of VCR 
laboratory performance tess of distortion vs temperature 
‘The VCRIN again was employed. Signal eel was 2 V peak 
to-peak 


thasalso been shown that FETs with high pinch-off voltage 
require larger dain-to-source voltages to produce drain cur- 
rent saturation. Therefore, FETS with high Vejoft will 
have lager dynamic range in terms of applied signal an 
pte, while muntaining a neat vesstance. It fsadvanta 
se0us to select FETs with high Vescort (compatible 

the desied tpg value) AF lage digal levels are to be 
‘encountered, 


APPENDIX A— From proceedings of the IEEE, Os 
tober, 1968, pp. 17181719, 


Abstract ~ An analytical approximation of FET char 
acteristics fr positive and negative voltages present 
ed, The distortion in an application as a controlled 
attenuator is ealeulted, and a method of reducing 
Aistotion by a factor of more than 50s describe, 


Controlled resistors are wed 4 osilatrs, controlled am 
piifirs, and attenuators(©.7) The possible contol range is 
‘much larger for ieldefect transistors (FET) than for other 
ements with comparable time constants (es, diode), The 
signabto-nois rato is eonsidrably improved. 


SUMMARY 


‘This Application Note has presented brief description of 
the use of junction flelkeffect transistors at vollage-con- 
trolled resistors, including details of operation, characteris: 
ties, Hnitations, and applications, The VCR is capable of 
opetation 35a symnmetieal resistor with no DC bss voltage 
In the signal loop, an ideal characteristic for many app 


‘Where lp signabhanding capability and minimum distor 
tion are system requirements, the feedback neutralization 
technique for VCRS is an important (oo in achieving either 
or bath ends 


Figure 25 shows idealized and teal FET characteristics. In 
region A (above pinch-off) Ip is indspendent of Vg.) 


wo 


ross (1 


Region B, where Vps <(Vgs - Vphis the so-called triode 
region. (In the following discussion ll the signs (+, -) will 
be valid for N-Channel FETs) The characteristic ea be 


Le<Nv 
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‘approximated by a quadratic function, of which the maxi 
‘umand second point (the origin) are known. The approx 


ered [i 


2pss, 
wp? 


Vos) 
Vos. (Vos-ve-3* 


“This the same function that can be found by 2 simple 
analysis bsed om semondctoe theory. The es etna 
‘rte two voltages across the junction (Vg. Vg) sonia 
the channel conductance Under the eondion that the FET 
{s symmetrical (Gra and source interchangeable), the fol 
lowing consideration sue. If Vp were the controling 
tollge and Vpg < 0; Ip < 0, then the characteris 
‘Poul be the sea i he Hist quadrant: 


Vos 
Yos (vco-ver “B) ® 


Since the contoling voltage for both regions (B and E) is 
Vos: 


Vep=Vos~Ybs o 


Substituting (4) into (3), we ge (2); the same approxima 
tion can be used in B and E. The limits of region E where 
Cis valid ate Vp = Oand Vgp = Vp. The characteristics 
in tepion D can be found from (1) withthe same consider 


| 


‘The mathematical approximation is compared wah the 
Treasured charatetein Figure 25.1 the repons Cand F 
thejumeion fs orward based The characters ate depen 
Gent onthe lateral resistance of the gate vole source 
Since gate erent Nowe. 

The FET a cond stor wns eon Band 
“The higher the resstance, the more nopnear ae the cha 
ts, For most appcatons handel Bd 
‘ihe smpleeprenimation (2), the elton between distor 
thn, conto age, and maxim to minimum attenuation 
dnb described fora simple volage der [Fgure 24) 

Most appcatons can be based on this sip example, The 
Conductance in ny point of region Bor Eis 


=v, 2 
iorctos (225328) & 


jane at the oni 
‘where gps i the differential conduct a 
Ivhen Vog = 0, then gps = &pss- The attenuation forth 
‘cut of Figure 262) 


Vee al 
Vi" TFREps o 
Bt 
+ Reps, 
“ Rapss V1 


2Reps Vi 


(0) Conulie JFET Attnutor.(b) Contin Attenstor with 
tbeck Makiog Caracas Lina and Syme 
eure 26 


“To seduce (7) to 4 more tractable form, the following in 
equality is inteoduced: 


so that (7) can now be approximated by the expansion 


jo 


‘Only the second harmonic wil be considered forthe distr 
tion since the thed i$ much small. For small distortion 
(<< Land Repss >> 


Reps V1 


wae a 
a ok ( 2p (1+ Reps)? 


V1 Repss my 
41Npl + Reps]? 


FV ished constant, 


V2Reps_, _V2. 


) 


cy 


‘Fivpl (T+ Reps} 41Ve- Vos! 


Sats Scan corpo 


Distortion at » Function of VasNVasiot? for Two Different 

YVaTVaSiot.() Theoretical fr Figure 26) (6) Mesure with 

Cireat of Fire 26 (e Measured with Cre of Fire 208) 
Faure 


Figure 27 shows a comparison of measured and calculated 
distortion. If Vos approaches Vp, the above restrictions are 
violated; the expresion for the distortion ean no longer be 
poled. If Vps <0, Vis =O, then the FET works in region 
F, the distortion will be higher than predicted. From (10) 
wwe get fora prescribed maximum distortion a maximum 
amplitude a function of Vos: 


Vomax * 4¢max VP - Vos! ay 


For a given diay and Vamnax the rato of minimum 19 


Ania 2 ——1*Repss___ 44a Vel 
Remax max ~ ~Vamax (12) 


lt Ranss _ 
T+ RSDSS Fisax VBI 


valid only for m> 1. Note thatthe maximum distortion is 
reached only for minimum attenuation, Examples: 


max * 10 percent V2qnax 0.001 Vp m= 400 


max" TPEIEERL Vomag "001 Vp m= 4 


Although these relations are only first-order approximations, 
they give a good estimate of FET attenuator characterises 
‘The maximum amplitude is proportional to Vp. FETS with 
high Vp ae desirable fr attenuator applications. Unfortun- 
ately the majority of commercially avallable FETs are made 
‘wth low Vp for use in amplifiers. 


‘There ae several means of reducing distortion. By connect 
ing two dential FETs ia antiparallel or anisries, non 
lineanies can be cancelled outta certain extent. A better 
linearization is posible by using one FET with “Teedback”, 
thas been shown above that the characteristics would be 
symmetcical if Vey wee the control voltage i the thie 
‘quadrant By adding 0.8 Vps tothe contol voliag, the two 
voltage Vos and Vp interchange when Vps changes sign 


Vos *Vat 05 Vps 


a 
Vop=Va-95 Vps 
then (13) used in (2) gives 
pss 
5 4) 
y= yap Yas Wu- Yo) co) 


‘The csulting characteristic bs linear and syenmetsca in B 
and E. The improvement in distortion performance can be 
seen in Figure 27. A distortion of 12 percent for V2 =0.1 
Vp at Vog = 038 Vp teduced through linearization to O.1 
pztcen, Figure 26(0) shows. possible circuit. The frequency 
‘ange ofthe controlled signal must be much higher than that 
ofthe controlling signal Vy to keep the direct interference of 
Vy on V2 small Ris 52 for minimum distortion. f Vo 
sand Vj ae in the same frequency range, «high impedance 
amplifier must be used, V2 is a the input; the outpot is 
‘comnected to the FET gate. The amplification is approx 
ntely 0.5 (adjustable). The control voltage is introduce 
though a second input s0 that no direct interference with 
Va occu. 
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The FET Constant Current Source 


INTRODUCTION 


‘The combination of low assoxated operating voltage and 
high output impedance rmake the FET attractive a8 2 con 
stant current source. An adjustable curent source may be 
built with « FET, 2 variable resistor and a small battery, 
Figure 1. For good thermal stability, the FET should be 
biased near the 2210 TC. point! 


Fit ect Trasistor Crrent Source 
Ture? 

Whenever the FET is operated inthe saturated region, its 
‘output conductance is very low. This occurs whenever the 
Arain-source voltage Vpg i significantly greater than the 
cutoff oltage Vog(onty. The FET may be biased to operate 
83 constant current source at any current below its satura 
tion curtent Iss 


Fora given device where Ipss and Vos(ott ate known, the 
approximate Vos required fra given Ip is 


Ip\ 
ves-vesein ['-(22,) "] 


where k ean vary ftom 1.7 to 2.0, depending upon device 
geometry. The sens resitor Rg requited between source 
and gate is 


Yes 


Rg 


: @ 


[A change in supply voltage, or change in load impedance, 
will change Ip by only asl factor because of the low ou 
ut conductance gos 


‘p= AV pstoss c) 


DESIGN IDEA 


‘The value of gogs sa irpportant consideration inthe accu- 
racy of a constant current source. AS Boss may fang from 
less than 1 umho to more than 50 pmo according to the 
FET type, the dynamic impedance can be grater than 
1 megoh to les than 20K. This corresponds toa current 
stability range of 1 uA {0 SOWA per volt. The valu of fos, 
‘depends abo on the operating point, being highest at Ings 
and at low Vpg. Output conductance gos decteases apprO%- 
mately linearly with Ip, becoming ls the FET is biased 
toward cutoff. The relationships 


a c) 
wee 

toss" thes ro) 
ven 

Ves=0 © 


So 28 Vas >Vos(orn Boss >22t0. For best regulation, Ip 
‘must be considerably less than Ips, 


11 is posible to achieve much lower fogs pet unit Ip by 
cascading two FETs as shown in Figure 3° 


‘cascade FET Current Source 
igure? 
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Now, Ip is regulated by Qy and Vpsy = -Vos2: The d= 
value of Ip is controled by Rs and Qj. However, Qy and 
Q3 both affect current stability. The czclt output conduc- 
tance is derived as follows 


Figure 2is redrawn in Figure 3 fr the condition Vos =0 


Fn 
62 
Jobat ypatia = Ysttos2 bo 2 o 
éstHostos a 
oul * 852 
Seta eee o 
vom Was #982" V4 * ZO 
vee vag Bt Hou He rir) 
0" "82 goal * 2 
fe —fossifoss2 _ ay 
Yo foul * ows Bt 
tos "fost a 
oe . ay, 
40° 27 sido 
Wen 
Rg # Oa in Figure 2 09 
—— ee.) 
1 Fe a RS (Bee * Foss Foss) 
2 
i 09 


im * Reed 


In either cae (Rg = 0 or Rg #0), the cireuit outa con- 
<ductance is considerably less than the fogs ofa single FET. 


In designing any cascaded FET curcentsouree, both FETS 
must be operated with adequate Jaingate voltage Vpg- 
That 


pg > Vos(otn, peferbly Vpg > 2 Vester (17) 


1 ¥p6<2VGs(on fom wil be pial incre’, 
zd ical fo wil trot, Forexample: A 2N4340 bat 
‘pple foe 2 4 unbo at Vpg = -20'V and Vos = 0 At 
Yps™ Nostotn = 2. fox 100umo, 


‘The best FETs for curentsoures ace those having 1008 
fates and consequently very low Egg The Siconix A569 
Echbts {pil fog =I hbo at Vps = 20 V. A single 
44869 inthe cic of Figure 4 wil yield caren soure 
Sehtable from 5 uA to 1 mA with intemal impedance 
eater than 2 megohins. 


‘Auntie Coan Source 
Faure 


The cascade circu of Figure 5 provides current adjustable 


from 2 uA to 1 mA with intemal resistance greater than 
10 megohms. 
— 
Q =2Na340 
Q; =2NG341 
Rg= IMO, 2W 
ceadn FET Curent Source 


For each citcuit discussed, fogs is represented by the fol 
lowing equations: 


tos 
fo Foss fo" THRs 
2 
tos! Boe 
as 00 s+ Rae) 
REFERENCES 


(1) “Biasing FETS for Zero DC Daft” Evans, L, 
Erectotechnology, August 1964 


650 


DESIGN IDEA 


Wideband UHF Amplifier with 
High-Performance FETs 


mvrRoDUCTION 


JA new freedom in UHF amplifier design is posible with 
high-performance “Super FETS" such a the Siliconix U310 
Junction FET. Typical advantages include aclosely.matched 
75 ohm input for extemely lw return lst in able systems, 
and high spurious response rejection with the Sed order IM 
intercept measured at +29 48,01) 


Additionally, the high common ate forwatdtenscondus- 
tance of th U310 (20,000 uma maximum) makes pos 
be to design an amplifier with wide Bandwidth and good 
ein, since the figure of merit (fl) ofthe FET 52.35 x 
TO? typical ~ higher than any other known UHE Junction 
FET. 


Ed Oxner 


‘The amplifier circuit in Figure 1 ie designed for 225 M2 
center frequency, 1 4B bandwidth of $0 MHz, low input 
VSWR in 3 7S.chm system, and 26 dB gain, Three stages of 
UBIO FETs are used, in a straight forward design. 


“Typical parameters are taken from the U310 data sheet 


Forwatd Transconductance 14 mmhos 
Input Admittance at 225 MHz fgg 13 mmhos 

bigs 4 mmbos 
Output Admittance at 225 M2 goge 0.27 mmhos 


bogs 2.6mmh 
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Input match is simplified because the FET input (el) impe- 


dance is nearly 77 ohms. A coupling capacitors used inthe 


amplifier, rather than a tuned circuit, and thus the values 


may be determined: 


f hn 
eV at -12x,2 75/2. 
co eak senor 


wtp 18472 
PTE soon 


p= 147 pF 


cr= Ad ePCr=Cp+ Cig) 


Figure 2 shows that the measured input VSWR in the 75: 
[ohm system indicated an avalable bandwidth considerably 
preater than that required forthe amplifier design eniteria, 


‘Stanchard Char (nvr Cirle Impedance Chart) 
Foe? 


‘Thee eascaded synchronous sngletuned stages are used to 
schleve the desired gain, and thus stage bandwidth and Q 
se determined:(2) 


wher: 


Bandwidth of 3 Stages), (TF — 
Bandwidth of TStage 7 


(S)en200 


ByW (1 4B) = 98 Me 


nas 


ai 
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With a FET output impedance of 3700 ohms shunted by 
approximately 2.5 pF (with 0.5 pF allowed for stray capac 
tance), the total parallel resistance neceasary to obtain the 
ested bandwidth 


= cr, 


Re —— 15 __ a0 
TAS «109 x25 x10-72 


The tank ctcuitimpedance appearing in shunt with the FET, 
‘therefore calculated 1 be about 365 ohms. From this, the 
fnductane is 


R _ 365 
ue B+ 26, «220 aty 


with a tun ratio of 23:1 40 match to 75 obms. Since each 
stage is designed for 75 ohm input ané output, tree cas- 
caded stages complete the amplifier design. 


Fare 


‘The computed voltage gain per stage is approximately 
tg Riya oF 2.22(7 4B), Measured gain for all three stages] 
24 dB. The UBIO FET in the final stage operates at Iss. 
and thus accounts forthe higher measured gain. The gain 
bandwidth esponse ofthe amplifier is shown in Figure 3 


The 31d order spurious intercept pont i ploted graphically 
in Figue (4) The importance of a high interoept point 
becomes apparent in a crowded highevel atea ofthe spec 
‘uum where signal pusiy is of utmost prio 
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DESIGN IDEA 


High-Performance FETs 
In Low-Noise VHF Oscillators 


Bd Oxnee 


Most communications receivers are limited in their dynamic range because of saturation in the ety stages of RF amp 
fets or mixes. However, sore receiver designs ate avaiable which orrcome this limitation by using paraetrc amples a 
converters to achieve spetaculatineteaes in dynamic range. There sll remain certain limitations in dyamic range which 
Cannot be remedied by parametec devices. In these eases, the problem lis nthe heterodyning of noise asbands which 3p- 
ear on the receiver loca oselator, entering the passband through srong interfering sgn 


Common Types of Noise 
Although noise is often dificult to charateize because of its random or nondeteeminitic nature, it is posible to diferen= 
tate various Forms of nose throug an understanding ofthe Gaussian distibuion of mole about an RF care, Biel stated, 
the thee major forms of noise ae (1) low-frequency noise (1/9; (2) thermal nose (4KTRB); and “shot” noise (iq). Further, 
these types of noise can be identified fom thei lationship tothe main RF eae. For example, low-fequency noise pre 
dominates very close tothe cari, and falls to insignificant levels when it displced more thah 280 He from the cae, 
Low-frequency noises asocated wth surface contamination and other regularities, such a gate creat leakage. 


‘Thermal nis plays the predominant role in the region fom the 1/f decay point to approximately 20 KHz from the cate, 
and is commonly associated with equivalent resistance where the ems valve of note voltage ofthe Thevenin generator becomes 
the classic (4KTBR)', Noise appearing beyond the 20kllz is known as Shot noise, ands directly attnlutable to noise cute 
‘Because ofthe typcally uniform distbution of shot noise is als veered to as “white noe 


Origins of Oscilator AM Noise 

Although an oscilato tends to produce wave that i neatly sinusoids, there ate other lituatons present. Whe the energy 
the frequency domsin close tothe care is observed on a spectrum analyze, nose appears 3s a modula 

‘his observation would be g 

quencies, Without 3 doubt, the major component of AM noses the contebat thermal 

and shot noise are relatively insignificant segments of AM nose when compared to 1. A graph of AM noise vs frequency 

removed is shown in Figure | 
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Design of a VHF Oxciltor 


‘The important design considerations fo best oscillator performance include wxing a FET with high forward transconductance, 
‘maintaining the gate at ground potential and keeping a high unloaded tank Q. The high transconductance fs necessary 10 
‘educe the effective note resistance, The grounded gate reduces the nose voltage contributions to those ofthe ete leakage 
‘sortent andthe series gate resistance. The high tank circuit Q serves a an effective filter for the sideband noe ene. 


‘The oscillator design fs somewhat extraordinary for a cieut employing a FET. The FET chosen was the iiconix U310, which 
hasa forward transconductance valu higher than 18 mmho at zero bias (VGS= 0). The oscilator Basically consis of two €O- 
Axil resonators, one forthe FET source andthe other forthe drain, Oslin is established by capacity coupling between 
the two resonators: output coupling is derived from the magnetic coupling which exists atthe open ends ofthe resonators. 
Optimum resonator Q is achieved by designing the cous resonator ora characters impedance of 75 ohms. The oscil 
{or citeuit is shown in Figute 2, and construction details are shown in Figue3 


Oncor Crest Oneitter Construction Dts 


‘The technique to establish the proper resonator length forthe desired frequency s somewhat tricky. and equies a ist-order 
approximation of the anticipated capacitive fenging which derives from both the FET and the feedback network A short cr, 
‘uted coaxial transmission line is theoretically resonant ata quarter-wave length ofthe resonating equency, except forthe 
effects of fringe field capacitance. At resonance 


XL Xe o 


1 the finge capacitance is known, X¢ ca be calculated 35 
1 
ot ® 


xe 
From thi, the resonator length can be determined 2s 

Xe = tan pt 
tn making these ealelations Sith chris inalable, a6 shown in the following iusto 


= 760 Mitte 
6 rho 


Frequency of oseiltion 
FFET big (from datasheet) 


Capacitance from bigs Ces 34 pF 

Allow fr stay capacitance and 
the feedback network C= LS oF 
499F 


‘Thus Xe = j 0.57 (normalized 10 75 9) 


Locate 0:57 on the Smith chat. The waveeng 
the resonator cavity length i simply 


toward the load = 0,081 2, Since a wavelength at 760 MHz i 39.5 em. then 


395x081 


20m (1.26 inches) 
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In the completed FET coaxial osclator circu, the output coupling loop consists ofa single turn made fast tothe caity by 
the BNC flange and dhe FET itself. Although the feedback network appears somewhat crud, i can be replaced by a small 
tehmmereapaitr for sma operation, 


Conclusions 


‘Measured petformance of the oxilstor is shown in Table 1A; AM nolse measurements ina 10 Hz bandwidth ate shown in Tae 
be 


TADLE 

TABLEIA AM Noise Messurement 

Oscillator Measured Peformance @25°C Frequency Displaced From Carrier 
Vow) +10 415 #20425 SO He 
Ipima) 1816218221 soo He 
Pout (48m) 466 4152 +183 +20 Tele 
Frequency (Mla) 725 742775477629 Sktte 


‘The Reike diagram shown in Figute 4 makes posible the accurate prediction of expected power output and operating e= 
‘quency with the oseilatr feeding directly into a mismatched load. Expansion ofthe ike diagram to show Trequeney v5 
ttansmision ine length (i dees) wil alow prediction ofthe lng-ine effect om oscilatr stabi. 
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TECHNICAL ARTICLE 
FET Biasing 


James Sherwin 


INTRODUCTION 


Engineers often design FET amplifiers that are unnecessarily 
sensitive to device characteristics because they may not be 
familia with prope basing methods. 


(One way to obtain consistent circuit performance inspite of 
wide device variations is to use a combination of constant- 
voltage and self biasing. The combined circuit configuration 
turns out to be the same a that generally sed with bipolar 
‘tansstors, but its operation and design are quit different 


Thee Hse Celts 
Lets examine thes basic commonsouce cuit a AP gy 
the se how two of them cn be combined fo poe vein 1 (00m mama SO 
beatly improved performance, The thee base ising 

thers ae 


yramic range i provided by the operating point 


‘The constan-oltge bias circuit (Figure 2) is analyzed by 
‘© Constantvoltage bias, which is most useful for‘fand superimposing a line for Vg constant on the transfer 
video amplifiers employing small de drain resistors, characteristic of the FET, 


‘© Constantcurrent bias, which is best sulted to low: 
dift deamplifer applications such as source followers 
and souree-coupled differential pairs. 

‘Saif bias (also called source bias or automate bist), 
Which is a somewhat universal scheme, particulary 
valuable fo ac amplifier. 


‘The Qpoint established by the intersection of the load line 
and the Vos = -0.4 V output characteristic of Figure f 
‘provides a convenient stating point forthe ctcult compare 
on, The load line shows that drain supply voltage, Vp, 
‘of 30V and adrin sistance, Rp, of 39K 2 ae being used, 


‘The quiescent draintosource voltage, Vpsq. is 15 V. 
allowing lage sigalexcrson tthe drain. RT MPH gay 2. Conta aage be manny he gg wpe 08 
signal vatitions of £0.2 V will produce output voltage thown on thie oles! 20499 trnter irveInput alo monet 
swings of 27.0 V ~ a voltage gain of 35. ‘eto ine toro. 


eprint From ELECTRONIC DESION, May 24, 1870, une 7, 1970. 


T-OLVL 


1UOoN'S 


659 


TA70-2 


‘he transfer characteristic isa plot of Ip w Vos for constant 
ps: Since the curve doesn't change mach with changes in 
pg its quite useful in establishing operating bis points. 
Infact, tis probaly more useful han the output character 
Ines Because its curvature clenly wars ofthe distortion (© 
be expected with large input sia. Furthermore, when 3 
‘as load line is superimposed allowable sigal excursions 
become evident and input velop, ste source sina voliage, 
and output signal current calculations may be made 
waphicaly 


‘The heavy vertical line at Vo * -0.4 V establishes the Q- 
point of Figure 1. No voltage is dropped across resistor Rg 
because the gate curent is essentially 2a. Rg serves mai 
Iy to slate the input signal from the Vgg supply 


Excursions of the input sgl, ep combine in series with 
Vg 30 that they add algebraically to the fixed value of 
05 V. The effect of sig variation is to instantaneously 
Shift the bias line horizontally without changing its slope. 
‘The shifting bastne then develops the output signal cutent 
8 shown in Figure 2 


‘The coastantcurent bia approach (Figute 3) for estabish- 
ing the Qpoint of Figute 1 requires 3 0.3%mA curtent 
source, Foran ideal constantcurent generator, input signal 
excursions merely shift the bias line horizontally and pro- 
duce no resultant gatesource voltage excursion. This bias 
technique is therefore limited to source followers, source- 
coupled differential amplifiers, and to ac amplifies where 
the source terminal is bypassed to ground at the sig- 
nal fequeney. 


Figure 3 Contantcarant bats be output ot9e "97 Ro 
Hence, input sgl caoot tac the output uni the erent 
source typed 


It an ac ground is provided by a bypass capacitor actos the 
ceutent source, a vertial ae bias line will be established. 
Input signal vations will then translate the ac bas ine 
horizontally, and signal development will proceed as with 
‘constant-voltage biasing (Figure 3). 


Should the bypass capacitor not provide a sufficiently low 
‘reactance a the gna frequency, the ac bia line will not be 
vertical, Ie wil tll intersect the transfer curve at the Q- 
point but witha slope equal to ~(1/X¢) =~ (Figure 4), 


Faure & Parl bypasiog ofthe cure source (igre 3 ower 
the cei gin by iting the a ond ln fom the verte. The 
(Sosstor dap acs trom ey 

‘This will lower the gain of the amplifier because of signal 
degeneration atthe source. The input signal eg, is reduced 
by the drop across the capacitor: 


ws" e5-iske ) 


‘e 


Iti clear from Figute 4 thatthe input signal only shifts the 
operating point by an amount equal to Vga, the effective 
{input signal. As the signal fequency is decreased, the slope 
ofthe ae bias line decreases, causing the effective input sg- 
alto approach zero 


Self Bias Needs No Extra Supply 
‘The selfbias circuit (Figue 5) establishes the Q-point by 
spplying the voltage dropped across the source resistor, Rg, 
to the gate. Since no voltage is dropped across Rg when 
Ip = 0, the selfbias load line pases through the origin ts 
slope is given by -1/Rg. Therefore, the deed Qpoint is 
‘established by setting -1/Rs = Ipq/Vosq- 


Figure & The wit lad line pass though the on with 8 
ope HRS, Bypaning Rg wil epen te sop ad nea the 
pinot 


Signal developmentis the same asin the ease ofthe partially 
‘bypassed constant.current scheme except that the oad line 
1s a de bis ine, Signal degeneration is deseribed by Equa. 
tion 1 with Xc replaced by Rg. The ac gun ofthe cireuit 
‘an be increased by shunting Rg with bypass capacitor, as 
in the constantcurrent exse. The 2¢ load line then passes 
through the Qpoint witha slope ~(1/2s)= (40+ 1/Rg), 
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‘The cicclt is biased automatialy at the desired Q-point, 
requresnoextea power supply and provides a degice of cur. 
rent stabilization not possible with constant-voltage biasing. 


{A fourth biasing method, combining the advantages of con 
Stant-current basing and sf basing, is obtained by combi 
ing the constantvoltage circuit with the seis circuit 
(Figure 6), A principal advantage of this contiguation is 
that an approximation may be made to coastant-curent 
bias without aay addtional power supply. The bias oad line 
ray be drawn through the selected Qpoint and given any 
Aesiced doe by properly choosing Vg. (The bias line inter 
cepts the Vgg axis at Vgc.) The larger Voc is made, the 
larger Rg wl be and the beter willbe the approximation 
to constantcurent basing 


iasing for Device Variations 
“The value of the combination-bias technique becomes ap 
patent when one considers the normal production spread of 
‘evice characteristics. The problem isilustrated in Figure 7 


Faure 6 All tree combinationbias celts ae eauhalet. They 
{Ha conmantvotage big tothe aah cet to enableh © 
‘een it dine witout ering dale raae. 


Al three circuits in Figure 6 ae equivalent. Circuit 6(a) 
requires an extra power supply. The need for an additonal 
suppl is avoided in &(b) by deriving Vg, from the drain 
supply-Ry and Ra ae simply voltage divider. To maintain 
the high input impedance of the FET, Ry and Rp must 
both be wer large. 


Very large resistors cannot alwaysbe found in the exact ratio 
needed to deve the desired Vg, in every circuit applica 
tion. Circuit 6(c) overcomes ths problem by placing a large 
Rg, between the center point of the divider and the gate. 
‘This allows Ry and Rp to be small, without lowering the 
input impedance. 


‘One point of caution worth remembering is that 38 Voc is 
increased, Vg increases, and Vpg decreases. Therefore with 
Tow Vppy thete may bea sgtfcant decrease in the allow: 
able obtput voltage swing. 


Fu he ni ation n dic sartomance hon Os 


where two limiting sets of output characteristics, represent- 
ing the actual min-max spread ofthe Siliconix 2N4339, ae 
presented. Limiting characteristics Uke these are not noc. 
mally avaiable, Even if they were, however, they'd be of 
Tittle help in establishing operating points suitable for all 
devices with output characteristics lying between the two 
extremes. The problem is much mor easly approached by 
sing the st of lining transfer characteristics of Figure 8. 
(See next pate.) 


Atiempting toestblish suitable constantvotage bias cond 
tions fora production spread of devies is practical only for 
ecuts sith very small values of de drain resistance ~ for 
‘example, circuits with inductive loads. As the constant- 
‘voltage bia plot of Figure 8 reveals, constant gate bias causes 
2 significant diference in operating Ipg for the extreme 
limit devices. At Vgg = ~04 V, the range of Ing is 0.13 to 
(069 mA, and Vpgq for a given Rp will vaty treaty for 
‘most resistance loaded circuits, For the example of Figure 1, 
dwth Rp = 39K 8 and Vp = 30.V, Vpgo varies from neat 
saturation (5 V) to 25 V. 


{An apparently excellent method of biasing isthe constant- 
current method of Figure 3 Basing inthis manner fixes the 
‘operating drain current forall devices snd sets Vpsq to 
Vpp ~ IboRt for any device in the production spread. 
og automatically finds a value to set the appropriate 
Ing = constant for all devices. For the constantcurrent 
a> plot of Figue 8, with Ing = 0.39 mA, Veg would 
range from =0.11 t0-0.67 V. 
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Output characteristics are not needed a8 long a8 Ing is 
chosen 10 be below the minimum Ings. With Rp =39R 2 
and Vpp = 30, Vpsq it 14.8 V forall devices, 


‘The disadvantages ofthe consantcurtent method are that 
it allows no signal to be developed unless the current source 
4s bypassed and, a6 we shall se, it lacks the flexibility to 
Provide constant gain despite variations in the forward 
transconductance, ofthe devices 


The sel-bias scheme isa reasonable choice for snglecnded 
de amplifirs and for ac amplifier. In unbypassed ot de ie 
cults, some compromise must be made between the gain 
Joss due to current feedback degeneration and the advantage 
‘of curent stabilization achieved with high Re, 


‘An appropriate choice of Ipq limits can be made by using 
the pair of limiting transfer carves, For example, for Re 
1K 9, the load line shown on the selfbias curve of Figure 
8 is estabithed. The maximum Ip is 052 mA, and the min. 
mum Ip s 0.28 mA. The operating range of Vpgg may be 
calculated for any value of Vpp and Rp, Clealy, for 
Rp = 39K 2, the maximum device (device B) would 
‘operate with Vpgq = 9.8 V and the minimumtimit device 
(device A) would operate with Vpgq = 20.6 V. This results 
{in fact satisfactory operation fo all devices. However, such 
2 variation in Ipq imposes severe limitations on the cit 
cut design, 


‘A better approach is iustated by the combination bias 


uve of Figue 8 with Vgg = 1.2 V. The range of Ing for 


Faire & Te eranage of combination biting, when ones wrkig with sored of deve cuca, ae mide abvousby plotting 
‘eld tins or he verous ype bing ons tng Vote’ cae 


{his bias condition is 0.25 mA to 0.32 mA. A simitar mini- 
‘mum difference in Ipg could be achieved with Rs = 6K 9. 
and Voc =0, (seas condition) but the operating points 
would be pushed toward the toe of the transfer characteris 
‘ics and allowable signal input would be reduce. 


‘The upper load lin allows ys = #1.8 V (limited by Ipgsq), 
while the lower line allows 8 of ony £0.7 V (lifted by 
Ves(ottya). (The subscript eters A and Bcefer to the min. 
lryum and maximum devices respectively.) The combination 
iruitallows almost idea operation over the ful production 
spread of devices. Even with Rp = 62K 0, the Vpgq would 
‘ange only between 10nd 15 V. bs 


For ths cut, Rp shouldbe chosen to allow the lest 
output signal swing for Ipg midway between the two 
extemes of 0.25 and 0.32 mA: namely 0.285 mA. Sting 
the vole drop acess Rp a onehalf of (Voy = 
Wesiorniyp) & 14 V, yee Rp = (14 V/0.285 A) = 
ono 


tis helpful in any design, to know the effect of tempera: 
ture variations on the transfer curves and transconductance 
characteristics, Ideally, minimum and. maximum transfet 
sharaceistics would be plotted at three temperatures 
above, below, and at room temperature. Then the desien 
would take all types of variation into account. 


Minimize the Gain Variations 
Leaving Rg unbypassed helps reduce gain variations From 
device to device by providing degenerative current feedback 
However, this method for minimizing gain variation is only 
effective when a substantial amount of gain is scificed. 


[A better approach isto se the combinatin-bas technique 
‘with the bias point selected from the transfer and transcon- 
ductance curves (Figure 9). 


Figure 8. Gain vrioons ae minimised wen the oa tei de 
‘lpn 1 Iter te pa fling wartr eres op] pala 


AAs Figuee 9 shows, itis posible to find an Rs and a Vog 
that will st Ipga and Inga t0 vals 40 that gig will be 
the same for Both devies The gq ofall intermediate 
devices will be approximately equal to the limiting values. 
‘Thus, a constant, or nearly constant, stage gan is obtained 
even with a bypass capacitor, 


‘The design procedure is follows: 

Step 1. Selecta dested pga below ipgs,-A s004 
‘ale allowing for emperatre variations i 
{0% of pga. Ths wil allow fr decreasing 
pgs doe to temperature variation and for 
reutonable signal excursion i load cee. 

Step 2 Ener the amr cues a toga = 
5 Ipsgq (0.3 mA) 10 find Vosqn’ Thi 
Vesqn 210.2 V forthe 28433905 

Step 3, Drop vertialy at Vga t0 the minimm 
linut transconductance ave 10 fied B%aQn- 
“The val as read fom the plot appro 
rately 1000 gh. 

Step & Travel across the py plot to the maximum 
cae 10 find Yoggp atthe same value of 
te Tis ie Vgsqp 2-07 V- 
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Step 5. Travel vertically up to the maximum tmit 
‘transfer cue to find Ipgp at Vosqp- THis 
itlpgp =0.36 ma. 

Step 6 Construct an Rg bias line through points 
‘Qq, and Qp on the transfer curves. The slope 
‘ofthe line 8 I/R, andthe intercept with the 
‘Veg axis is the requited Vag. 


TOLL 


[As Figute 9 demonstrates, t may be somewhat inconvenient 
to perform Step 6 graphically. An algebrae solution can then 
‘be employed instead. The source resistances pven by 


Rs =(Vesqa- Vosqel('pgs~!pqa ® 
and the bas votge is 
Voc = Rs 'pop * Yeson: eo 


Cate should be taken to maintain the prope algebraic igs 
in Equations 2 and 3, For n-channel FETS, Vos is negative 
andlp ispositive. For pchannel units, thesignsare reversed) 


Ir the transconductaice curves of Figue 9 are not avalible, 
1c can be determined by simply measuring the slope of the 
transfer come atthe desired operating pont. Just plac a 
straightedge tangent to the cure a the Qpoint and note 
the points at which it intercepts the Ip and Vos axes. The 
slope and gy ate sven by 


slope = sts IDcintercepy! ~ Vostntercept) ® 


In designing a constant gain circuit, simply set the straight. 
cede tangent tothe transfer curve of device A at point Qq 
and slide it, without changing its slope, unt tangent £0 
the curve of device B. The tangency point is Qp. 


Designing Without Output Cures 
Although the transfer characteristic has been seen t0 be 
‘extremely valuable in desing a biss circuit, i eaanot be 
used to graphically establish Ving, However, if a set of out- 
put curves is not avallable, Vpgq can be determined or 
selected from the transfer cure by sing the follow. 
ing procedure: 
‘Step 1. Bstablish Rg and limiting values of Ip, 
Vasq and ajq from the transfer curve 
‘Step 2. Establish Vpp, as available, but in no ease 
pester than BVGss nor less than several 
{umes Vogcoty Thee ate special eases where 
Vpp wil be below this limit, but in no case 
sh00Id instantaneous yp be allowed (fll 
below 2 x Vgscoir if minimum distortion is 
tobe achieved 
Step 3. Set Vpgq approximately midway between 
Vpp and’? x Vescorn lower i large output 
signs wl not Be handled, 
Step 4, Select Rp 0 glve the appropriate Vpgg The 
formula 


xqUODIES 


p= (pp - Yosq/0 Ipga* tngal-Bs___(S) 
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Jn the example of Figure 8, ths procedure would have 
YeldedVpgq =(30-3)/2= 13.5 V and Rp =(30~13.5/05 
(052+ 021 mA~ 1K 2=825KD, 


Step 5. Check to ensure that with this Rp, device B 
{5 not in a saturated condition ~ Vpgp = 
Yop = !pq Rp > 2%esvorn * Rs !Daq- 
Decrease Rp if this condition snot me 


‘An altemate method, that selects Rp to provide a specified 
voltae gin, fotows Steps and 2 above nd then proceeds 
‘Step 3. Determine required stage in, Ay, and set 
R= Aves 
Step. Calevlate Vpsq to ensure thatthe citer 
of Step 2 are not violated 


Ypsq" Yop (®p * Rs) Ipq © 


Srp If neces, change Inq. Yop: Ay anor 
Rp to ob noplinee exept. ee 


FET SOURCE-FOLLOWER CIRCUITS 


‘Too itl knowledge of biasing methods for FET amplifirs 
sometimes Keeps engineers from making maximum use of 
FETs in circuit designs. The common-drin amplifier, or 
source follower, is a particully valuable configuration its 
high input impedance and low output impedance make it 
very useful for impedance transformations between FETs 
and bipolar transistors. 


‘represent nO etn en cr The cnn in ih 
the bottom row do, i 


By considering 10 circuits, which represent vitally ever 
soutcefllower configuration, the designer can obtain con- 
sistent circuit performance despite wide device variations. 


‘There are two basie connections for source followers: with 
and without gate feedback. Each connection comes in 
Several variations (Figure 10). Circuits 10(2) through 10(¢) 
hhaveno gate feedback:theirinput impedances, therefore, ae 
equal to Rg, Cizeuits10(9 though 10k) employ feedback 
to their gates to increase the input impedance above Rg, 


Before getting into the details of biascircuit design, note 
several general obseratons that can be made about the 
cateuts of Figure 10: 


1 Circuits a, d and f can acept only postive and smal 
negative signals, because these cteits have their 
source resistors connected to ground. The ater cit 
cuits can handle Targe postive and negative signals 
Tinted only by the available supply voltages and 
device breakdown voltage 

1 Circuits cd, e, b,j, and K employ cusentsoures to 
improve dran-cutent (Ip) stability and increase gin 

1 Circuits d, ¢ and k employ FETs as current sources, 
Tn crcuit'd, Qp must have a lower cut-oft voltage, 
Ves¢orn and a lower aero gatevoltage drain current, 
pgs, than Qs. 


1 Gircuts¢, gh and k employ a source resistor, Rg, 
Which may be selected to set the quiescent output 
voltage equal to ze. 

© Circuits and k use matched FETS. Rs i selected to 
Set Ip near the specified low-dnft operating curent. 
The input-output offset is 210. 


oa 
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‘Biasng Without Feedback i Simple 
‘The no-eedback circuits Fgute 10 (citcuits 103) through 
1046) use simple bising techniques (see the eater article). 
CCiteut 10(2) i a se-.as configuration; the voltage drop 
eros Rg biases the gate (which draws evsentialy2et0 cut: 
rent) though resistor Rg, Since no gatetosoutce voltage, 
Vg, ean be developed wien Ip = 0, the sel-bas ood line 
pitts through the ongin (Figure 11) For the 2N4339 FET, 
whose limiting transfer characteristics are used throughout 
thivartil, the quiescent drain cutent is seen to e between 
shout 0.25 and 0.55 mA when a IK source resistor is 
‘sed, The quiescent output voltage lies between +0.25 and 
+055 V. 


biting (Figure 10) ane he votge deoapes acs 
“eta ne pase oh 


Figure 1. 
the sour 


Circuit 10(0) is another example of soute-resstor biasing 
with a =Vgg supply added. The advantage over circuit 10(3) 
fe that the signal vollage can swing negative to approxi- 
mately -Vgg, Two bias ines are shown in Figute 12, one for 
og = -13 Vand the other Vgg = ~1.6 V.For the fist case, 
the quiescent output voltage es between +0.18 and 40.74 V, 
For the second, it hes between +0.3 and #082 V. 


ure 12. Adding 9 Vss spol 10 te sibs creuit (gre 100) 
‘Mowe ict Rane lage apstve it.The tod ins nteeent 
fro Wagan et Wag ap os Hw son 
Voges Vand Ysg = “488, 


“The bias load line for circuit 10(e) is just a horizontal tine 
(ip = constant), The quiescent output voltage is between 
$015 and 0.7 V for Ip = 0.3 mA. 


‘Citeuit 10(d i simaia to 106) except thatthe Vgg = 0 out 
put characteristic of FET Qp is used a a current source, AS 
‘Seen in Figute 13, > doesnot supply constant current when 
its Vpg eet very smal. This technique should therefore be 
zed only to bias FETS whose Vgs¢ofe i significantly high 
fr than the equivalent Vggioqry of the cumrentsource 
FET diode 


Figure 12, FET 2 doin’ babe ie an es crrent sure when 

fa Vg ents very anal Fare Ts). Therefore, Qy show ave & 
Snteat tge Vso tan O2 doe 

Apuic of matched FETsssused in the circuit of Figure 10(0), 
‘one a8 a source follower andthe other as a curtent source. 

‘The operating drain current (Ip) set by Rg, as indicated 
by th oad line of Figure 14, The drain current may be any: 

‘where from 0.20 to 0.42 mA, a shown by the limiting 
transfer characteristic intercepts; however, Vgsi = Vas? 
‘because the FETs are matched 


Fare 14. Thi fa iat by Rg ni wie asa ca 
tee a ones wan a, 
Since Ip * Io até Vos1 = Vasa: cooing Rg) = Rez 
Wal ese tt the vollge from pont A CoB equ the 
Yelle point from point CtoD (Figure 1) ). This source 
Tollower therefore, exhibits 2x0 of neazero ott. I the 
FETs ae tempestvrematehed a the operating tp, the 
Source follower wil exhibit 210 of nestzer0 temper: 
ture dst 


Biasing With Feedback Increases Zin 
Esch of the feedback-type source followers (Figure 10(0) 
‘through 10(k) ) is bised by a method sma to that used 
with the nonfeedback circuit above it. However, in each 
fate, Rg i returned t0 2 point in the source cifcuit tl 

provides almost unity feedback to the lower end of Rg If 
Rg is chosen so that Rig is retuned to zero de volts (except 
‘i ercut 10(), then the inputlovtput offet is ze. Ry is 
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‘iit 10 is wet principally for aecoupled cet 
usualy ches han yr onsen tac 
“he bas load ine ie by Re (Fig 15) The output load 
line, however is determined by the sum of Rs + Ry. The 
feedback voltae Vpp, mesure 3 the junction of Ri and 
Ry. is determined 6 the intercept ofthe Rg + Ry load ine 
th the Vos axle. The qulscent output voltage tt 
Ven -Nes- 


circuit 1(h differs from that of Figure 10() (Figure 16) in 
‘thatthe load line perfectly Nt, In Figure 16 the loa line 
{8 slmost, but not qule, Mat; thas a slope of 1/50. 


Citeuit 10G) i similar to 1O(H) except thatthe output is 
taken from the top of Rg to reduce the output impedance. 
Rg must be trimmed if the ctcut sto work at all propery. 


In Figure 17, the constantcurtent load line represents 2 
(O3mA current source, and the effect of a 1K 2 source 
resistor is shown. The offict voltage i sten to ie between 
0.2 and 0.75 V. The intercept of the Rg load line and the | 
Vg axis set the voltage at the junction of Rg and the cu 
rent source (Vp). For Rg = 1K 9, Vpg wil be between 
“0.1 V and 40.45 V. Since Veg appears atthe gate it must 
be zero if the de input impedance of the circuit i to 
be preserved. 


igre 15, The bat od nist by Rg Dut 
etwmined by Rg * Ry when ate fib employes (we 
10, "The fends Vy it determina by he Intro he 
Ag+ ond nw ad he Vos xe 


Inthe circuit of Figure 10(), Rg can be trimmed to provide 
zero offset. As the curves show (Figure 16), Rs will be 
between 670 ohms and 2.5K 92 Re is much less than Ry 
‘The source Toad line interceps the Vos axis at Vos = 


Nog =-15V. 


Figure 16. As canbe wired to prove sro tat ot some point 
‘tween 670 ohms ond 28K St tRgure 109. The 
Intrenptbe Vossst 


Circuit 10() is almost the same as 10(2; the difference is 
that resistor Ry isteplaced by a curren source, Since an ideal 
current soutce has infinite impedance, the bis curve of 


Fare 17.1 4 he dt pases ash 
‘te ori,» voltage wl sppea at he gate cousin reduetion ne 
Inout impedance, The insematal input impdance wl Pot 
eatect, 


This can be done by trimming Rs, as shown dashed in ig- 
ture 17. The biasing then becomes the same 2 for ce 
cut 100. 


Biasing for circuit 10(k) i identical to that for 
Fi 
impedance: 


revit 10) 
) except that feedback is added to rate the input 
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INTRODUCTION 


For analog switches, Vertical MOS (VMOS) transistors ive 
you a neatly ideal combination of characteristics-without 
the tradeoffs required by the more conventional com 
ponents. These devices ate now available from two Amer: 
an suppliers Siliconix an its license, Semtech 


Unlike the commonly wsed Nchannel JFETS, VMOS chips 
that handle more than 2 few hundred miliamps are alo 
Small enough for eanomical production. Smaller chips 
Tead to lower inherent capacitances. Moreover, the basic 
'VMOS structure provides lower ON resistance 


‘Some analog switches use relays, bipolar transistors and 
ven triacs. Although electromechanical relays offer the 
fowest ON resistance initily, their ON resistance will 
sary with current and degrade with use. Also, relays suffer 
From mechanical limitations. 


Bipolar tansstors requite bsse-drive current that causes 
offet in the switched analog signal. Teaes are ony suitable 
for switching raw power; for analog switching, they itr 
duce too much offset and nonlinearity although they 
texaly handle high power. 


|VMOS Offers High Performance 


\VMOS devices aren't limited by any ofthese disadvantages. 
‘They can switch 10W,linealy, over a wide dynamic range 
In alditon, VMOS input impedance is very high, and only 
input vollage (no eurret) turns the transistors OFF ot ON, 


APPLICATION NOTE 


Don’t Trade Off Analog Switch Specs. 
VMOS-A Solution to High Speed, 
High Current, Low Resistance 


TLLNV 


Analog Switches 


Wale Heinzer 


[And since the drintosource channel is purely resistive 
‘while ON, you get low distortion 


LVMOS transistors in analog switches offer several more 
advantages, including 


8 9 ON resistance, which results in low insertion loss 
sn lowsmpedance systems 


# 2.0 A DC current capabilty—paaleling three VMOS. 
‘devices increases this capability to 6.0 A and unlike 
other devices, paaleed VMOS do not requite power- 
wasting balls resistors 


16. 3-A peak current, which makes VMOS super for diving 

re lines and. quickly charging and discharging 
in high speed A/D converters, sample and 
Fold eicuits and integrators 


{60.48 isolation at 10 MHz and 500 nA DC leakage inthe 
OFF state 

‘© Enhancement mode operation with a 08 to 20 V 
threshold, which gives VMOS direct compatibility with 
(CMOS and TTL. And the lope gates aren't Toaded by the 
‘Mos. 


1 Linear ON resistance, which results inflow total harmonic 
and intermodulation distortion 


‘What's more, all these capabililes come. in a TO202AA 
package 


‘earned with permasion fom ELECTRONIC DESIGN, Hayden Plating o, ne. 197 
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Examine the output characterises of a low resistance 
MOS device like the Silconix VN4GAF. A look 3t the 
transfer characteristic in Figute 1A reveal that varying the 
fatetosource voltage from 0 10 +10 V switches the 
VNASAF from OFF to ON-with a 3 9 ON resistance 
From the curve you can see that the device turas OFF 
well before zero volt, which eases interfacing with loge: 


{In the VNAGAF schematic in Figure 1B, note thatthe body 
and source ate internally connected, Figure IC and ID, 
respectively, show simplified models ofthe VNAGAF's OFF 
and ON states. Diode Dy isthe body-todrain PN junction. 
When the VNS6AF is OFF, its drain current ve draintor 
source voltage characteristics (Figure 1E) i esventally the 
curve for Dy 


‘The breakdown for Dy is 40 V, and the diode exhibits 
forward conduction for drain-tosource potetil as low a: 

106 V. This diode therefore consteins the analog voltage, 
‘which a simple switch (one VMOS transistor) can handle, 
to between 0.6 and #40. 


‘When the VNA6AF is ON, a 2 2 resistance isin parallel 
with Dj, Maximum continuous current in ether direction 
| 20 A, even though the diode is forward-bissed for 
currents over 05 A. 


‘One VMOS Device Makes an Analog Gate 


\VMOS characteristics are put to good use in the analog 
switch of Figure IF. In the ON state, the gate of the 
VNSGAF is positive with respect to the soure, In the 
OFF state, the gatetosource voltage is 270, The 20 A| 
capability and the 3/2 ON resistance of the VMOS 
Luansstor can be fully exploited inthis cicut. The mput 
signal, however, is restrieted to positive voltages and must 
always be greater than the output voltage. Otherwise, OFF 
{soation spared. 


Both ON and OFF switching tes 200 ns charge fed 
through during the ON4oOFF transition is 80 pC with 
450 2 Toad. Charge transfers, ofcourse, especially impor 
tant in sample and hold systems. For example, 80 pC into 
0.01 uF causesanoffet of 8 mv. 


‘Sl Spal Charctaitnof VNAEAF 


Tn Series, They Switch Both Polaris 


To increase the switeh's dynamic range, connect two 
VNBBAF' in series (Figure 2A). In the ON state, both 
halves of the DG300 analog switch are open, so the gates 
of both VNSEAF's are pulled to #15 V through the 10K 
resistor. The ON resistance ofthis analog switch is twice 35 
high a the rain to-source resistance ofa single VNBSAF. 
The maximum current that this twostransstor switch can 
fnandle is the same as that for a sngletranstor switch 
(2.04). 


The switch is turned OFF by shorting the gates 0 the 
negative supply, thereby reducing the gate-to-source voltage 
to les than the threshold of 08 V. The second section of 
the DG300 adds 30 €B OFF isolation by shunting the 
sianableakage path (through both sources) to the negative 


supply. OFFisolation cures (Figure 2B) show that the 
'DG300 raises the circuit's oation and that decreasing the 
load resistance increases isolation, 


Since the two transistors ate back-to-back, one body-to- 
drain diode is always reverse biased. This eliminates the 
OFF-state problem caused by forvatd-biasng the diode 


Since the bidietionalswitch's 
fixed supply, its ON resistance varies 
‘analog. voltage (Figure. 2C), This variation introduces 
distortion when you're driving low-impedance loads such as 
speakers of transmission lines. For constant ON resistance, 
tse the circuit in Figure 3A 


‘(rains the cents eon by 30 dB. Bneresing ond mistanes so mprves eatin Wh the gi 


i- aT] SS 
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FF ttn Feweey sat tH Pte tn ot Vt 
Een oN canten pened boy 
“Seo. sete 8 a8 4 SimpteUnatonl VMOS Analon Sth >a) 
ee rte ee Sen [ON resistance it doubled in the two-VMOS switch (A), but inputs of both polarities are handied without tong 
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Bootstrapping Adds Linearity 


In the ON state, a bootstrap voltage that tracks the input 
ries the gates of the VNSBAF's. Ths bootstrapping keeps 
the VMOS'sateto-source voltage constant and independent 
of the input signal. So, changes inthe inpusignal level do 
not modulate the ON resistance ofthe sith, 


‘The bulfer circuit reduces the computed total harmonic 
Aistorton from 1.5% to 0.005%, for 8 Vems at 1 KH2 into 
50 81 (Figure 38). The popular 10 2 DG186 JFET analog 
Switch generates higher total harmonic distortion of 
about 25, 

The two buffer circuits shown in Figures 3C and 3D isolate 
the input signal and employ 3 zener diode to provide a 
fixed gateto-soure voltage. The general-purpose butler of 


Low Ditton Contant ON Rasitanc Swed 
Fu 3A, 


‘San Prpoe Butter 
gu 3C 


elation 


‘Sootstraping the gat nd Input cut stein by Rlding the ON ritance constant (A. The buted bootcut 
‘han sith # JFET or» nonboottaneed VMOS snl mitch (lh pra purpane tir {el asng he LMSTO op aaa Se 
tom speed etches, bt when you rae fr anlog ihe the VNBGAR bute OI In aon te ped tha Baler oes ete 


Fines 


Figure 3C has a flat frequency response of up to 300 kHE 
and accepts inputs rangi between #15 V. The buffer of 
Figure 3D, VN6GAK source follower, hat its frequency 
response extended 10 SO MHz and, when operated from 
£30 V supplies, increases the signal range to * 30 V. 


‘The VNGGAK and VNBSAF do not have on-board zenet 
diodes like the VNOGAF transistor. At the expense of 
the diode protection, the VNG6AK and VNSBAF gain 
lower capacitance from gateosource and reduced DC 
“see through” from driver to signal path. Bootstrapping 
the switch’ gate circuits with a buffer permis the swith 
to operate with low distortion even asthe signal amplitude 
‘comes lose tothe positive supply voltage. 


Wecss==c5 
» | 


Loree al 


sorta 


‘VMOS Devises Parallel Without Padding 


Parlleling. devices lowers the total ON resistance. For 
‘example, thee paaleled les, each with two VNSGAF's in 
series, make a 1 92 switch (Figure 4A). Because VMOS 
devices ate immune to current hogging, no ballast of 
balance resistors are needed. Negative tempcos, a VMOS 
feature, cause these devices to draw less current as they 
heat up: Asa result, excess cutent is automatically shared 
by paaleled VMOS devices, 


Prallling three VNAGAF"s not only decreases ON resi 
tance, but also increases the curtent capability to 6.0 A 


and extends the linear range of the Tare signal transfer 
characterise from 0.3 to 12 A (Figue 4B) 


‘The voltage range of the basic analog switch can also be 
Incrested. Simply use a higher breakdown VMOS ii 
(Figure 5). The VNBBAK's have 2 90 V breakdown, which 
allows up to #40 V of voltage swing capability. However, 
these higher voltage devices do catty 2 penaltythe ON 
resistance higher: 3.5 2.¥5 3.09 forthe VNAGAF. Zener 
diode Dy limits the gate-o-source potential to 30 V, and 
thereby prevents a possible gateoxide rupture. Diode 
‘CRIIO fmt the current fom the $0 V gate-bias supply. 


Ur Low Raistane Site (1 Ob) 
ure sh 
tio tat or alncerstr ae ended when VMOS davies 
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For the Ultimate in Switching Speed 


The high power RF switch shown in Figue 6A performs 
very well up to 50 MHz—with tuen-ON and twin OFF times 
of 50 ns. At 10 MHz, isolation is 60 dB with 2 20 V 
pk-pk input signal. Insertion lose is only 1 dB with 3 $0. 
load (Figure 6B). The gin vs input power cure in Figure 
{6C shows that the RF analog switch using. VNSGAK's 
can put 1 W into a 50 2 load at 14 MHz. The two-tone, 
third order, intermodulation product curves show a 42 dB 


TENE 


Antercept point with 1 dB of gain compression at 25 6Bm 
Input power 


‘Turm-ON sume of the switch (Figure 6D) i determined by 
the pasive pullup resistor combined with the capacitance 
at the gates of the VNGGAK's. The negative tun-OFF 
transient is caused by chargecouping. to the output 
‘through the output capacitance ofthe VNGGAK. 


aH & 


ae 


(tin and Two Tone 3rd Order Intermedultion 
ioue6c 


‘ncn of he VNEBAN, 


‘Switching Respone of RE Sitch ino $0 Ohm Lewd 
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APPLICATION NOTE 
Driving VMOS Power FETs 


INTRODUCTION 


Using VMOS Power FETs you can achieve performance 
ever before possible-if you deve them properly. This 
atticle desrbes circuits and suggests design methods to 
be used in order to obtain the performance from VMOS 
that you need. 


When designing with VMOS there are some facts that 
rst be Kept in mind in order to get optimum results 
With every elreult. The frst fact is that VMOS te 2 very 
high frequency device, The cut-off frequency forall VMOS 
FETs is several hundred megahertz. Most power designers 
ae not used to desgning with exteemey high Frequency 
devices because with bipolars the frequency. response 
decreases asthe power increases. The very high frequency 
tesponte of VMOS is the basis for many of it advantages 
but st must be kept in mind while designing. With amproper 
circuit design VMOS ean oscilate. This oscilation can 
be eliminated, though, by exercising two simple pre- 
cautions. Fits, minimize lead and trace lengths whenever 
possible, especially leads associated with the gate of the 
FET. If tis not posible to have short leads to the gate 
place a ferrite Bead on the gate lead of a small resistor in 
Series with the gat, The fernite bead or the resistor must be 
very close-to the gate. Second, because of the extremely 
high input impedance of VMOS (in excess of 1012 92) 
Arve cireits may be designed which are very high im 
pedance. Under these conditions it is possible for the 
fate node to get enough positive fedback from the gate: 
todrain capacitance ot just from stray feds in the cicuit 
to cause oxilation. This must be kept in mind in the 
design of the circuit 


Dave Hoffman 
Sanuary 1979 


When diving VMOS it must be Kept in mind that the 
dynamic input impedance is very different than the static 
Input impedance. The input of a VMOS device is capa- 
cltive. The DC Input impedance is very high but the AC 
input impedance varies with frequency. Because of this 
effect, the tise and fall es of VMOS are dependent on 
the output impedance of the circuit driving 1. The fist 
approximation ofthe riser fll time is simply 


teort¢® 22+ ROUT * Ciss 10) 


where ROUT ithe output impedance ofthe drive citeult 
This equation is valid only if the drain load resistance 
is much larger than ROUT. Knowing this fat, alongwith 
the fact that thete is no storage or delay time with VMOS, 
itis very easy to eaeulte the rie and fll times and set 
them to any desied value, For exariple if you wanted to 
calculate the 10% to 90% nse or fll time forthe ceeuit 
shown in Figure! using Equation | the rise time is qual to 


2.2) (500) (50x 10-12) = 55 nece 


‘The dynamic input characteristics of VMOS ate covered 
‘very thoroughly in Sticonx" application note AN79:3.1 


‘A last thing to temember when you are dtiving VMOS is 
the input protection zener diode. When putting a postive 
voltage on the gate with respect to the source, the max: 
lum voltage rating of the zener diode should not be 
‘exceeded. IC is more, important, however, that you do 
not forward bias the zener diode by putting 2 nepative 
voltage on the gate while the MOS is operating in 4 
circuit. The reason for this is most easily explained by 
refering to Figure 2. As can be seen in the figure, the 
enet diode is actually the baveemiter junction of a 
bipolar transistor. Ifa negative voltage greater than 0.6 V 
is placed on the gate, the base-emitter junction of the 
bipolat will be forward biased which will turn on the 
bipolar transistor. When the bipolar is turned on, eut- 
rent will flow from the drain through the bipolar and 
‘out the gate. This operating condition is Very likely to 
be destrctve. If negative voltages must be placed on the 
fate it 16 recommended that you use a VMOS part that 
does not have an input zener diode. Nonenered equiva: 
lents are available for most of Siconix’zeneted devices. 
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‘Aare NPM Trantr in Zana Proated MOSFETS 
Fire 

OF all operating modes the commonsource configuration is 
the simplest to drive. Because of the high input impedance 
[of VMOS it can be driven diectly from many lope families 
When driving from 2 CMOS gate 35 shown in Figure 3, 
rise and fll times of about 60 nace can be expected due 
to the limited source and sink curents availabe from the 
[CMOS gate2 If faster se and fall times are required 
there are several ways to obtain them. One easy way is 
if there are extra gates in the package that is diving the 
MOS simply put the extra gates in parallel with the 
gate already being wed. The additional current avalable 
will cut down the rise and fll times. If no extra gates 
are avalable an emiterfollower butter can be used as 
shown in Figure 4. With this circuit the current valable 
to the VMOS will be the output cuctent of the CMOS 
multiplied by the beta ofthe bipolas. Because the bipolar 
ate operating as emtterfollowers thee will sill be no 
Storage time to worry about and the frequency limit 
will be determined by either the CMOS gate oF the fr 
‘of the bipolar, whichever comes fist 


~t4 


riving VMOS with» CMOS Gate 


Ping Up # TTL Output Wi inerene 
‘he Sink Curent fhe VMOS 
Fires 


'VMOS ean aso be driven directly from TTL gates, Because 
the output voltge of TTL isimited, the output curent of 
the VMOS will be limited to some value less than its max- 
imum rated current. The output current that can be ex 
pected can be determined from the transfer characteristic 
Of the device being used. For example, if 2 TTL gate is 
driving VNAGAF the minimum output current of the 
\VMOS will be approximately 250 mA. This value was 
obtained by using the minimum output voltage ofthe TTL 
fate (32 V) fora high level output and refering to the 
ttanser characenstic for the VNAZ which isthe VMOS 
srometty used in the VNAGAF, If moze than 250 mA 
{s requied the output of a standard VMIOS gate can be 
pulled up to the $ V rll a shown in Figure S. With a fll 
5 Von the gate the VN6AF will typically sink 600 mA. 


For very high speeds a capacitive driver such a8 the MHOO26 
can be wsed as shown in Figure 6, With this drive conf: 
uration typial rise and fal times are lee than 10 nee 


When operated in the common-rain mode VMOS is 
Somewhat more difficult to drive than when in the con 
rmonsource mode. Because of VMOS' high input imped 
ance, though, it i considerably easier to drive common: 
Grain than bipolar would be when operated common 
collector. Common-dain cigcuts can be used when the 
load needs to be connected to ground, when an active 
pullap and pulldown is required (totem pole cieut), 
‘or in bridge type circuits. For the purpose of this dis 
cussion all examples willbe shown with totem pole circuit, 


onan Fall Tomar 


Using an MOS Clock Ora o Brive MOS. 
Fours 


The difficulty with commondrain circuits oocurs because 
a the voltage across the load increases the enhancement 
voltage of the commondrain device decreases. Refering 
to Figure 7, a the voltage across RL approaches V2 the 
enhancement voltage for the upper VNGGAF decreases. 
IC Vy is not greater than V2 then the voltage across 
can never teach V2. For this reason whenever a com 
mona circuit is used it is always necessary to have of 
to generate a voltage that is greater than the voltage which 
's dested to be impressed seros the load. The amount 
the voltage has to be above the desired drain voltage is 
ependent upon the curent the VMOS must source and 
can be determined from the transfer characteristic ofthe 
'VMOS being used. If no supply voltage i avaible other 
than the one the load is to be pulled up to, one ean be 
senerated, This can be done very easly because of the 
very low deve current requirements ofthe VMOS, 


MOS in Totum Pole Contaraton 
Fire? 


(One way of generating the required gate voltage is the 
bootstrap circuit shown in Figute 8. In the circuit, when 
and Q3 are on, Cy ischarged tothe supply rail hough 
Dy. When Qy and Q3 are turned off, the gate voltage on 
Q2 goes to the supply all. As the Source of Q> bepins 
to pall RL up, the voltage across C} will be maintained, 
therefore, the gateosource voltage of Q will be main: 
tained, The size of C) shouldbe lage enouph so that when 
It charges the gate capacitance of°Qp 2 minimum voltage 
‘equal to the required enhancement voltage of Q2 will be 


eis ncaa 


‘maintained acrous I A good vale of thumb is to make 
CC equal to ten times the Cis of the FET. Figure 9 shows 
‘the same Bootsteap circuit with some added components 
to improve the rise and fall times, In the circuit Qz acts 
as an emiterfollower to increase the peak gate eurent 
to Q5, Dp wall be forward biased when Qy turns on and 
serves a Tow impedance pth to discharge the gate of Q, 


TOLNV 


Fire 


ure 


Another method to drive 2 common-drain VMOS FET 
{s shown in Figure 10, Rather than charging a capacitor 
and then feeding a signal back ftom the output as was 
‘done inthe bootstrap eieult, this ica stores the requited 
charge in an induetor. When Qy is turned off a flyback 
voltage is peneated across the inductor. This voltage is 
‘ied to mntain an enhancement voltage equal to the 
voltage of zener diode Dp across the VMOS FET. Once 
the Q2 has been fully turned on and the voltage on Ry, 
{5 at the rail a negligible amount of energy is required 
to keep Q2 on. Q2 will remain on until Qy is turned on, 
‘or until the leakage curtents of 1 and Dp discharge 
the gate capacitance of Q2 
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‘Another method that can be uied to drive a common 
drain VMOS is transformer drive. A transformer drive 
foi shown in Figure 1- his eu the tansormer 
's used in the Myback mode when turning on the upper 
FET. Ry and R3 ae used to suppres ringing and’ Rp 


‘Trastomer Drive Cel for VMOS 
igure 1 


“nd Ry are wird to aniat with tumcff of the FETs. When 
<riving with transformer, care must be taken to design the 
Iransformer so that the secondary Inductance in con 
junction with the input capacitance of the FET does not 
‘create ringing ofosilation problems. 


SUMMARY 


‘The very high input impedances of VMOS Power FETS 
eatly simplify the drive requirements as compared 10 
bipolars. The input drive requirements for both common 
source and. common-rain configurations were discussed 
fn detal. With common source circuits the requirement 
that needs to be kept in mind isthe rise and fall time 
requied. With common-rain circuits a method of main: 
taining an adequate enhancement voltage must be coasid- 
ered in addition to required ie and fll ime requirements, 
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glossary of terms and abbreviations Ss 
Siliconix 


1. Upper este letter indieate OC voltages and currents, 

2, Lower eat letters inieate AC voltages and currents 

3, Subscripts can refer to the terminals used inthe measurements, Le, VG = Gate Voltage o simply hep define the sym= 
bol, y= Fll Time, ty» ise Time. 

4, Triple suberips ate used for terminal reerences only. The fist subscript isthe object termina. The second subscript is 
the common terminal. The third gives the condition of the remsioing terminals). S = Short, O= open and X = neither 


‘open nor short (refer tothe tet conditlons), Example: BSS = Breakdown Voltage from gat to source with the drain 
Shorted to the source. 


b% =Common-Gate Forward Sucptanes Cx = Common-Souree Reverse Troster Copaci- 
by = Common-Souree Forward Susceptance 

ow = Souree-Body Capacitance 
is = Common-Gate Input Suceptance 

oa = Soutee-Dein Capacitance 
is = Common-Source Input Susceptnce 

Cao = Source Gate Capacitance 
bogs = Common-Gate Output Suseptance 

° = Drain 
oss =Common-Souree Output Suceptance 

in = Equivalent Short Cteit Input Noise Vot- 
bg = Common-Gate Reverse Suseptance = 
bn = Commen-Soure Reverie Suiceptance fgg = Figure of Merit 
BVpgo__= Drsin-Gate Breakdown Voltage 6 one 
BVpss—_~ Drain-Source Breakdown Votane 9% = Commen-Gate Forward Transconductance 
BVsx = Drain-Source Breakdown Votane ote ‘= Common-Source Forward Transcondue~ 
Rvarda’ 7 Cot Seey Breen Yotine tt Common Soutes Forward Transcondue 

toner @ Vg" 0 

BVGIss = Gate 1 to Source Breakdown Voltge ef 

iarlet2 *Common-Souree Forward Traniconduc- 
BVga55 = Gate 210 Source Breakdown Voltane tance Ratio 
BVGes = Gate-Body Breakdown Voltage a = Common-Gate Input Conductance 
BVGss__= Gate-Source Breakdown Votane a = Common- Sure Input Conductance 
8Vs0s __* Soure-Drin Breakdown Voltane ee = Common-Gate Output Conductance 
BVsc0 = Source Gate Breakdown Voltage sos = Common-Source Output Conductance 

= Common Souree Output Conductance @ 

ty = rain-Body Capacitance Peer 
Cigo = DrsinGate Cannitance Qoxt-for2 = Differential Output Conductance 
ow = Gute-Body Capacitance Spe = Commen-Gate Power Gain 
ei Drain Capacitance Gps = Common-Souree Power Gin 
on Sovres Capacitance Iojot) = Drain Cuotf Current 
Cis = Common-Source Inpt Capacitance tofen) = Drain ON Current 
Ca =Common-Source Output Cascitance __IpG0_= Drain-Gate Leakane 


678 


Silics 


glossary of terms and abbreviations (cont’d) 


loss = Saturation Dain Curent talon) = Tura-On Delay Tie 
ossWioss2 « Saturation Dain Curent Ratio % =Fat Tine 

' = Forward Curent 1 = Junction Temperature 
Ic = Gate Operating Current tort = Tun-01 Time 
No1e2 = Gate to Gate Leakage Curent, ten = Tur-On Tine 
Norigal = Diferent! Gate Operating Currents af = Led Temperature 
ops = Gate 1 Body Leakage Curent. « = Ris Tine 

gin = Gate Forward Cent Tatg = Storage Temperature 
ass = Gat Reverse Curent ve = Body Vettge 

giss = Gate tt Source Leskge Current Ven = Body Supply Voltage 
gas = Gate 2to Source Leakage Curent Yo = Drain Vattage 
Igissn = Gate to Source Reverse Leskage Curent VOD eer een: 


Vosten) = Drain-Source ON Volt 
Ya2ssn = Gate 210 Source Reve Leakage Curent VOSVon! ee 


Vo = Gate Vttoe 
i = Equivalent Open-Cieut Noise Curent 
Ves = Gate Supoy Votan 
» = Pieh-O1f Curent 
Vos = Gate-Souce Votase 
Ne = Note Figure 
IMqs1-Vasal = Ditferentiat Gate-Soure Voltoe 
°o Cosas Pee Dlleenan SVgs = Diferentiat Gate-Source Voltage 
Pov = Peak Operating Votape Avene 
Nast Vor2l _ ojtterennal Gte-Source Voltage Change 
‘asion) = Drin-Source ON Resistance aT win Temperature 
Vos) = Gate-Souce Forward Voltage 


f0S{on) = Stale Drain-Source ON Resistance 
Vestn) = Gate Threshold Voltage 


Relig) = Common-Gate Forward Transconductance 
Re (¥4q) = Common-Source Forward Transcondue- _VGSlof)__ = Gate Souree Curo Voltage 
tance Versio = Gate 1 to Source Cutoft Voltage 


Fe (Vig) = Common-Gate input Conductance 
Vezslott) = Gate 2t0 Source Cutoff Voltage 


Re (Yi) = Common-Cate Output Conductance 
Re(Yoq) = Common-Source Output Conductance VS res glia! 
Re (Veg) = Common-Gate Reverse Traniconductance Vg = Souree Supply Voltage 
va = wee Reverse Teantconduc- 
Re (Ya) = Gommon-Sowree Reverse Transcondue- 2 + Dynamic Impedance 
6s  Common-Source Input Resistance ue = Kote AC Impedance 
s + Source 4 = Curent Temperature Coetficient 
a = Delay Time 4.4 Junction te Ambient Thermal Resistance 
talott) = Turn-OH Oey Time 84-6 = Junction to Cate Therma Resistnce 
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